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Foremost Fungicide for Summertime Mildew Control 


KARATHANE. 


For a successful finish to an apple mildew control program, growers should 
continue with KARATHANE until terminal growth ends. This prevents 
overwintering infections from getting a toe-hold in next year’s buds 
and stops the development of secondary summer infections. 





Unlike sulfur, KARATHANE can be used safely during hot weather— 
even if temperatures as high as 95° F. are expected. When sprayed 
according to directions, KARATHANE does not scald fruit or foliage, or 
impair tree vigor. KARATHANE can be an integral part of the “better 
finish’”’ schedules because it is fully compatible with summer insecti- 
cides and fungicides. 


go” The new, lower dosage 
recommended—only 8 ounces 
per 100 gallons— 
substantially reduces the cost 
without reducing the proved 
effectiveness of a 
KARATHANE mildew program. 









Excellent control of the 
disease, healthier trees, 
more perfect grading fruit, 
lower costs, flexibility in 
spray schedules— 

all these advantages make 
KARATHANE the foremost 
summertime mildew 
fungicide. 


Chemicals for Agriculture 
ROHM & HAAS 


COM PANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
Represcasaiwees im principal foreige countreas 


KARATHANE is a trade-mark, Reg. U.S. Pat. Off. and in principal foreign countries. 
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/ take ( antiovoti GS! by seeds a nts ARK, 
Perer A.. ano J. Dekker. The antibiot GS1 (Product 
of Charles Pfizer and Co., Inc.) readily penetrates both 
squash seeds soaked 24 hours, and can be demon- 


strated in the cotyledons alter washing and removal of the 


seed coat. Good control was obtainable on internally borne 
Fusarium solani {. cucurbitae and Ascochyta pisi with, 
0 and 100 ppm of the 
phytotexicity was apparent. In bean, cucumber, and barley 


upward movement of the antibiotic could be 


antibiotic " and no 


demonstrated on bioassay plates in the plant juice only 
when the antibiotic was taken up by the roots from solu- 
tions containing 200 ppm. At lower concentrations of the 
antibiotic, detection was possible only by aqueous distilla- 


tion of the leaves. When the antibiotic is placed in con- 


tact with bean leaf sap for thirty minutes, no inhibitory 
activity could be detected unless the juice had been ad 


before adding the antibiotic 


; 


The se ogical relationships o potato t ses S and M, 
ar the carnation latent virus. Bacnaut, R. H., C. Wer- 
rer, AND R. H. Larson. Potato viruses S and M have a 
sma intigenic fraction in common, and each has a sepa- 
rate fraction in common with the carnation latent virus 


Each of these 3 viruses has a major antigeni 


Iraction dis 
tinct from the others. The 2 potato viruses have significant 
] symptomatology, and physical 


differences in host range, 


properties, and have no known hosts in common with the 





virus. The 3 viruses probably had a com 
mon ancestor but the differences seem VarTrant classi 


cation as separate species or subspecies rather than as 


{ ihe ein the pathogenictty of the frus nematode 
from tritoliate orange and sweet orange roots. BAINES, 
R. C., O. F. Crarke, AND J. W. Cameron, The pathoge 
nicitvy of citrus nematode larvae obtained from Poncirus 

fa ots in 3 orchards and from sweet orange roots 
in Ol ird was tested on small seedlings from self- 
pollinated flowers of Faweett-Webber and Pomeroy vari 
ties P. trifoliata and from open-pollinated flowers of 


Standard s lr orange, } ich Varietyv-ine n class, 6 pots 


of 4-5 seedlings each, received about 20,000 larvae per pot 


The » lots f nematodes from P. trifoliata roots infested 
Ot) of the FP. trifeliata seedlings slightly, and 10 mod 
erately. Only small differences occurred in the pathogs 
nicit f the nematodes from the 3 sources of P. trifoliata 


ind in the susceptibility of the 2 varieties of P. trifoliata. 
Nematodes from sweet orange roots slightly infested 1% 
of P. trifoliata seedlings, leaving 99 uninfested. All 
sources of inoculum infested all Standard sour orange 


lerately or severely, 


8 ‘ f mycorrhiza with pure i/tures of Rhizo- 
“ BA rr, James T. Synthesis tests using pure cul- 
tures ot a lely occurring root endop! vte on several plant 
species gave positive results, with varying infestation and 
mycorrhizal development. The tests were made mostly 
with 5 of 10 isolates of the fungus, introduced in pots of 


sterile sand and sand-soil mixtures. All isolates produced 
of host-endophyte relationship in the same 
| 


host plant. Gallaud (1904) described 2 types of the endo- 


phyte: the Arum. or intercellular, and the Paris, or intra- 
| The tests reported here do not confirm Gallaud’s 


ce il 
were ; ee 
findings. For examples in isolate that deve oped the Arum 
type n Zea mays produced the Paris type in Solanum 
tuberosum, and a peleton type in Iris. A Paris type from 


9] 


These 
results indicate that the host, not the endophyte, determines 
Synthesis tests on Solanum 


Heterocallis developed the Arum type in Zea mays 


the host-fungus relationships. 





tuberosum, grown from th seed and tubers, using 7 
isolates of the fungus, gave positive results and revealed 


this species to be less susceptible than several other plants 
ised. No infestation of stolons or tubers by the endophyte 
vas detected. These synthesis tests furnish evidence that 
cultures used are the Rhizophagus endophyte. 


Production of ferment gum disease in Marsh grapefruit 
trees by fungus inoculation. CAatavan, E. C., anon’ D. W. 
CHRISTIANSEN. Ferment gum, a major disease of grapefruit 
Citrus paradisi Macf.) trees in California, is characterized 
exudation of clear or frothy, amber to reddish 
gum from blisters under the bark; zones of firm, buff, mal- 


as tollows 


odorous, nectrotic wood, with pink to orange margins; areas 
of brown wood rot extending from wound infection sites; 
Except for 
a difference in the type of wood rot, ferment gum disease 
attributed in Texas to 
Diplodia natalensis. In California, a wood-rotting basidio- 


ind general deterioration of infected branches. 
resembles Rio Grande gummosis, 


mycete having whorled clamp connections in yeung hyphae 
and bran hed rhizome rphs in old Y ulture Ss Was shown to he 
i primary causal organism of ferment gum in grapefruit 
trees lypical symptoms of ferment gum developed within 
13 months in 37 of 69 wound inoculations with this fungus, 
vhich was reisolated from brown rotten wood near the 
inoculation sites. Of the 11 organisms (bacteria, fungi, and 
actinomyvcetes) isolated from ferment gum lesions and 
inoculated into wounds in Marsh grapefruit trees, only the 
wood-rotting fungus with whorled clamp connections re- 


produced the ferment gum syndrome. The causal organism 


formed oidia in cultures, bu s fruiting structures and 


unLku 


spores have not been found, 


Pathogen-free lilies fron titured bulb-scales, CHANDLER, 
Puitip A.,, 
duced on surface-sterilized scales of Lilium longiflorum cul- 
tured in tubes on potato dextrose agar. The best time to 
during or soon after 

bulb scales were 


AND J (>. BALp Adventitious bulblets were pro- 


sample bulb seales for treatment \ 
flowering. Later, diminishing numb 
made aseptic by washing in running water and surface- 
sterilizing. Organisms entered the scales at the tip and 
base, Many of these organisms, including Fusarium spp., 


were killed by hot-water treatment at 125°F for 30 minutes, 


the scales were unharmed, and a maximum yield of aseptic 
bulbils was obtained hen the hot-water-treated scales 
were cultured—up to 50 in some lots. The treatment 
was applied successfully to varieties of L. longiflorum 
other than Croft, and to L. candidum. The combination of 


hot-water treatment and culturing is a possible means of 
obtaining elite stocks of established lily varieties for com- 


ercial productior 


Inclusion bodies in citrus. Cutros, J. F. L. In limited 
examinations, inclusion bodies typical of those associated 
with virus infections of herbaceous plants were found in 
the bark of Poncirus trifoliata free of psorosis, tristeza, and 
exocortis, as indicated by standard index tests. They were 
ibundant in seed cotyledons of Sampson tangelo (Citrus 
paradisi * C. reticulata) and also grapefruit (C. para- 
disi), variety unidentified, that exhibited symptoms of stub- 
born disease; were less abundant in seeds of Sampson 
tangelo without stubborn symptoms; and were scarce in 
seeds of 2 seedling sweet orange (C. sinensis) trees. In 
F.A.A.-fixed bark and seeds, inclusions and nucleoli stained 








as follows: red wi a ght ed with acid tuchsin-tast 
green, and purple-blue with Giemsa. Inclusions in seeds 
gave a weak arginine reaction w Carvers modified Saka 


guchi test, a negative Feu ind negative reactions 


(Serra’s modihed Millon test) 


for tyrosine ildehydes 
(Schiff, phlorogluc no ind oniacal AgNQO;), fat 
(Sudan IV), tannins (ferric cl de ind cellulose (zin¢ 
chloro-iodide). Inclusions Fk. A.A.-Sxed seeds stained 
pink with ruthenium-red, orange with I-K-I, and grey-blue 
with lacmoid. Unfixed ir i were not stained 
Protective role f the é isclerotium of Armillaria 
mellea against attack f / oderma DARLEY, 
Evus F.. anno Westey D. Witsur Previous work sug 
gested that the pseudosclerotiu f A. mellea resists attack 
by 7. viride, and that its pro tive mechanism altered 
after soil fumigation with CS This suggested that me- 
chanical destruction of the pseudosclerotium should permit 
invasion by Trichoderma in the absence of CS lo test 
this, artificially infected sectio of citrus root nd unin 
fected roots were buried for periods up to 3 years In sepa- 
rate sites in a naturally infested orchard The bark (and 
pseudosclerotium on infected roots) had been left undis 
turbed on 1 group of eacl f roots: stripped trom a 
second group; and stripped fro 1 third group, and the 
roots split. Armillaria wa n all but 1 of roots buried 


36 months, regardle of the damage inflicted on 


1, 17, and 


the pseudose lerotium he pseudosclerotial layer had re- 
formed incompletely on roots buried 17 and 36 months. 
Bacteria, various fungi, including Trichoderma, and even 
{rmillaria were isolated f1 he previously uninfected 
roots. Naturally occurrin f uria had invaded them 
while buried The result indicate that Armillaria can 
survive tor some time witl it the pseudosclerotium, which 
supports recent work abroad su esting that pseudosclero 


tium is not required for pr 


Electron microscope sfudies if the effects of I1Tious fix 
ing solutions on tobacco mo rus (7M particles 
Desyarpins, P. R., J. M. Wattace, ano E. S. H. WoLt~mMan 


Successful identification of vir particles in ultrathin sec 


tions of infected tissues depend ym a tissue fixation that 


maintains the integrity of the particles and the 
of the cell. Studies were made of the 


organization 


effects of some com 


monly used fixatives on TMY particles. Disks (6.5 mm) 
of TMV-infected Turkish tobacco leaves were treated for 
the recommended times in rious fixatives After wash 
ing, the leaf-disk samples were homogenized at pH 6, 7, 
and 8 and sprayed onto specimen screens. The number of 
particles extracted from treated tissue differed between 


fixatives, from to as many as found in 


extracts from unfixed disks 


practically nor 


FF eneral, more particles were 


observed in the pH 8 homogenates. Purified virus was 
exposed to the same fixatives ifter having been sprayed 
onto specimen screens and 2) pr deposition on glass 
slides for the pseudo-replica specimen preparation tech 
nique. The main effect of the fixatives on purified virus 
was particle aggregation he virus extracted from tissue 
and also the purified virus retained some infectivity after 
treatment with certain fix 

Downward translocat ptomyctr Coleus sp 
Dower, W. M., anno R. N. | pMan. A study of the 
movement of antibiotics my d upper- and lower-leaf 
surface applications to Co " bout 0.5 ml of 1000 
meg/ml streptomycin solutior taining | glycerin was 
brushed on proximal and distal leaf-halves that were sepa 
rated by a 5-mm lanolin barrier. The antibiotic applied to 
either proximal or dist portions of leaves was detected 
after 24 hours in the untreated portion, and in stem disks 
taken about 5 in. below the treated leaves. However, no 
activity was determined roots. Tl ibsorption was 
greater where the antibiotic w ipplied to the lower sur 
faces, whereas translocatior ppeared to be greater from 


r surfaces 4 


distal applications to either upper or lowe 
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leaf-disk assay was found to agree proportionately with the 
juice using a cylinder-plate method with 
(ATCC 6633) as test organism. 


bioassay of leaf 
Bacillus subtilis 


reducing Phomopsis 
Enéuisu, Harvey, 
Kadota fig 
applications of 
organic or inorganic before and/or 
after pruning have been of little value in control. Neither 
a standard siliceous-base wound dressing (Tree Seal) nor 
a fungicidal wax emulsion (Vanseal Wax plus Vancide 51) 
was effective in reducing infection when painted on fresh 
wounds. Covering the branch stubs after pruning with 
firmly secured plastic caps resulted in a 60% reduction in 
disease incidence, and painting the with either 
Bordeaux paste or a 1% solution of Tag Fungicide ( phenyl- 
before affixing the plastic reduced the 
incidence by about 76%. Similar control was obtained with 
lag Fungi ide alone at a concentration of 4% When a 
latex material (Rhoplex AC-33) that dries to an 
elastic film was combined with Coromere (.V-phenylmer- 
curiethylenediamine) and painted on pruning wounds, dis- 
Much poorer control was obtained 
when either or Rhoplex AC-33 was used alone. 
(nother means of reducing the amount of canker is by 
pruning late in the dormant season, the fact 
that, during a 3-year period, trees pruned during February, 
March, and April developed 58, 42, and 27° infection, 


respec tively. 


Physical and chemical methods of 
canker Kadota 
Although Phomopsis ctnerescens 
through pruning wounds, 
fungicides immediately 


fig trees. 
infects 
spray 


fection in 
trees 


largely 


wounds 


mercuric acetate) 


synthetic 


ease was reduced 75%. 


(oromert 


as shown by 


Effects of temperature, length of the flooding pe riod, and 
stage of plant growth on flooding injury to altalta. ERwIN, 
D.C. anp W. F. Lenman. Flooding injury to alfalfa (com- 
monly referred to as scald) did not occur in field plots in 
the Imperial Valley of California after 12 hours of flooding 
when maximum air temperatures high as 46°C, 
After 36- and 60-houw periods of flooding. injury Was most 
severe on plots that had been clipped either 1 or 5 days 


were as 


before flooding. After the 36-hour flooding period only 
mild plant damage occurred in unclipped plots. Although 


on the 60-hour flooded plots, severe damage occurred in 
both clipped and unclipped plots, significantly less flooding 
injury occurred in unclipped plots. Maximum surface 
water temperatures in flooded plots were usually 4-5 
than maximum air temperatures, and soil temperatures at 
2-in. depth were usually 3-5° C less than the maximum 
temperatures. Both controlled greenhouse tests and 
field data showed that incidence of flooding injury in- 
creased with increase of temperature. The intensity of 
Hooding injury of alfalfa is affected by 3 factors: 1) length 
of time the soil is flooded, 2) temperature of the soil and 
surface water, and 3) stage of growth of the plant follow- 


lower 


wate! 


ing clipping. 


; 


sel t-inhibition oO gern 
AND (, 


Vetabolic nation 
of stem rust uredospores. Farkas, G. L., \. Lepine- 
HAM. The development of self-inhibition of germination in 
phosphate 


aspects ot the 


stem rust uredospores floated “en masse” on 
buffer at pH 6 is associated with a steady decline in their 
QO. uptake. Compounds that are able to self- 
inhibition of spore (coumarin, 2,4-DNP, men- 
adione) also remove the inhibition of O. consumption. The 
effect of COs on the removal of self-inhibition 
substituted by the administration of Krebs- 
ATP, in a ().-tree atmosphere. The inhibi- 
germination apparently affects the respiratory 
metabolism. The decline of the respiratory rate of spores 
during storage parallels the decline of their ability to form 
inhibitor. The development of the inhibitor 
is apparently dependent on energy-yielding processes, be- 
cause such uncouplers as 2,4-DNP inhibit its formation. 


overcome 


germination 


he nee ial 
can be partly 
evcle at ids or 


tion ot 


the volatile 


{septic culture of the burrowing nematode, Radopholus 


similis (Cobb) Thorne on excised okra root tissues. FEDER, 


l. 48 
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Wirttam A. The burrowing nematode, Radopholus similis 
(Cobb) Thorne, was successfully cultured in a variety of 
glass containers under aseptic conditions on excised okra 
root tissues growing on modified White (1943) culture 


medium. Ten vigorous, mature females were placed in a 
sterile centrifuge tube, soaked 2 minutes in 1:1000 mercuric 
chloride, centrifuged, and given 2 5-minute washings with 


sterile double-distilled water, after which the water was 
poured off and the nematodes picked from the tube asepti- 
callv with a small piece of sterile cellulose sponge, The 
sponge containing the nematodes was placed on the agar 
next to the growing root culture, and the culture plus 
nematodes was then incubated in the dark at 27°C. Infec- 
tion of the reots took place, and as many as 2000 R. similis 
individuals in various stages ol development were recovered 
from 58 mg of roots after 1 month. The use of small cold- 
cream jars with plastic screw caps, OI medicine bottles 
with cotton plugs, reduced contamination to a minimum 
without severely restricting growth of the okra roots or 
multiplication of the nematodes. 


Burrowing nematode population sampling as affected by 
a number of variables, FELDMESSER, ji LIUS. Nematode 
counts were made from a series of citrus feeder root sam- 
ples collected in the standard manner at weekly intervals 
for 1 year and for 8 months, respectively, in 2 citrus groves 
infected with Radopholus similis, the burrowing nematode, 
to study interrelations of variables such as relative soil 
moisture values, air temperature fluctuations, numbers of 
nematodes per gram of root from inside roots and from 
root surfaces, and nematodes from sand within 1 in. of the 
root. Correlations and analyses of variance indicate that 
relative soil moisture has practically no influence on num- 
bers of nematodes inside, on, or within 1 in. of, the root. 
Significantly more variation exists among sampling dates 
than among samples taken at the same date in terms of 
either total numbers of nematodes per sample or numbers 
of nematodes per gram of root. Temperature is highly 
correlated negatively with the number of nematodes found: 
the higher the temperature, the fewer the nematodes found. 
Correlation between average numbers of nematodes per 
gram of root within roots and average numbers of nema 
todes on root surtaces was significant at the 1% level. 


Cross-] rotection tests with 3 strains of the aster vellows 
virus in host plants and in the aster leafhopper. Freirac, 
J. H. Three aster yellows virus strains isolated in Cali- 
fornia have been designated as severe, dwarf, and Tulelake 
strains. They differ in symptoms produced on Nicotiana 
rustica and Plantago major. Plants inoculated with dwarf 
before the severe or Tulelake strain developed predomi- 
nantly dwarf symptoms; plants inoculated with Tulelake 
before the dwarf or severe strain developed only initial 
Tulelake symptoms, and then recovered, although some 
plants later developed greatly delayed symptoms of the 
challenging strain. Individual leafhoppers fed 2 weeks on 
dwarf and then 2 weeks on severe usually (36/38) trans 
mitted only the first strain on which they fed. Likewise, 
leafhoppe rs fed 2 days on severe and dwarf, alternately for 
20 days. usually (38/41) transmitted only one or the other. 
In contrast, leafhoppers fed 2 weeks on Tulelake and then 


2 weeks on dwarf all transmitted only Tulelake at first. 
Later. 16 of 24 changed abruptly, transmitting only dwarf 
though the other 8 continued to transmit only Tulelake. 
The results indicated similar interactions of the virus 


strains in both insect and plant hosts, depending on 
sequence and combination of strains used 


Influence of soil temperature on Verticillium wilt of 
otton. Garper, R. H., anon P. M. Hatisky. A study was 
made of the influence of soil temperature on Verticillium 
wilt of cotton, Constant soil temperatures were maintained 
in each of 4 tanks at 15. 20. 25. and 30°C. Delta-Pine 15, 
i Wiit-s sceptible varietv of cotton, was inoculated with 


Verticillium albo-atrum R. & B. and grown in replicated 
trials at these temperatures. The experimental data ob- 
tained from 4 consecutive trials indicate that the most 
favorable soil temperatures for disease expression in this 
variety were 20 and 25°C, The average infection percent- 
ages obtained at 15, 20, 25, and 30°C were, respectively, 
28, 75, 85, and 59%. No wilt symptoms developed at a 
constant soil temperature of 35°C introduced into this 
series. Growth studies were continued with the fungus 
isolate on PDA _ at constant-incubation temperatures 
ranging from 12 to 39°C at 3°C intervals. The largest 
colony diameters were observed at 18, 21, and 24°C, where- 
is no measurable growth occurred at 33, 36, and 39°C, The 
apparent lack of fungus growth above 30°C probably ac- 
counts in part for the lack of symptom expression ob- 
served in the 35°C constant-soil-temperature tank in this 
study. 


Cucurbit virus diseases in the Imperial Valley of Cali- 
fornia. Grocan, R. G., D. H. Hani, K. A, Kimsie, anpb 
R. A, Kortsen. The most prevalent virus disease of 
cantaloup and squash in the Imperial Valley of California 
in the 1957 and 1958 seasons was watermelon mosaic 
(melon mosaic virus): in 77% of all virus-infected sam- 
ples tested, either alone or with cucumber mosaic (cucum- 
ber virus 1). The latter virus was present in 30% of the 
samples, either alone or with melon mosaic virus. Only 
melon mosaic virus was collected in virus-infected water- 
melon plants. Squash mosaic (cucurbit ring mosaic virus) 
was extremely scarce, occurring in less than 1% of the 
samples. The cucurbit ring mosaic strain of squash mosaic 
virus was recovered from 23 of 8332 plants (0.39%) in 
greenhouse indices of commercial seed samples of 12 
varieties of Cucumis melo. Seed from squash or melon 
varieties mechanically inoculated in the seedling stage 
with either watermelon mosaic virus or squash mosaic 
Virus transmitted only squash mosaic. The percentage 
transmission by the different varieties and species varied 
from 0.0% to 25.0%. Squash mosaic virus is each year 
introduced inte Imperial Valley cucurbit plantings in in- 
fected seed, but it remains relatively unimportant because 
of a lack of Diabrotica beetle vectors. 


Influence of soil types on the re sponse of ponderosa 
pine to atmospheric fluorides. Harrison, Witttiam C., AND 
J. Wattrer Henprix. About 160 3-year-old Pinus ponderosa 
Dougl. seedlings in each of 8 soil series were exposed 
throughout the summer of 1957 to a _ fluoride-polluted 
atmosphere near Mead, W ashington, The reaction of the 
various plants to atmospheric fluorides was determined 
periodically during the growing season by ascertaining 1) 
the © of needles showing fluoride scorch, 2) the % of total 
needle length scorched, and 3) the injury index (the square 
root of the product of items 1 and 2). A wide range in 
fluoride sensitivity was found among plants grown in the 
various soils, regardless of the basis on which plant re- 
action was measured, The range in reaction is exemplified 
by the fact that plants grown in Garrison loam, Clayton 
fine sandy loam, Caldwell clay loam, coarse river sand, 
Palouse silt loam, Ritzville silt loam, Hezel loamy fine 
sand, and Wenatchee loam had, respectively, injury 
indexes of 39, 29, 23, 22, 28, 39, 33, and 34. The results 
suggest that soils of medium porosity give rise to more 
sensitive plants, whereas plants grown in soils of ex. 
tremely small or large particles tend to be more resistant, 


Transmission of fanleaf virus by Xiphinema index 
Thorne & Allen. Hewitt, Wm. B., D. J. Raski, ano A, C 
Goueen. Healthy grape growing with a fanleaf-diseased 
grape in the same clay pot developed fanleaf within 10 
months of being planted and infested with 10 Xiphinema 
index adults from the root zone of healthy grape. Like- 
wise, fanleaf developed in healthy grape growing with 
fanleaf-diseased grape in soil infested with X, index from 
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the root zone oll i | p< (ronal i for? extent i I } ( 
remained hea r VELI I F, Microscopic examination of 
infested at transplar the stained sections from cankers 2-3 in. in diameter and 3-7 
root zone of healt! ] & nh. in lel revealed C. fustforme mycelia in all swollen 
index from fig ind 1 issues. None were found over 2 in. beyond the margin 
festation In a Cla | | of the cankel whether the margin was entire Df consisted 
all infested pots, ] 1 by f longitudu ridges extending downward from the main 
750--39.500. In ar swelling. It is inferred that slash pine branches having 
in pasteurl ed ' t ist cankers I this type can be pruned to prevent stem 
diseased grape 1 " y the fungus if the proximal margin is over % 

fy ste 
Hot water u 

organism wit . I \\ i \ ‘ I f encing the solattor f ertau i/-borne 
AND M. GIAMAI ( ulated ant pathoge from soi Kenprick, J. B., Jr.. ano A. R, 
by injecting fruit w sus PACKSON he presence of certain soil-borne plant patho- 
pensions of Collet e in ens is aitheult to detect by soil-dilution techniques, 
fected internally - I ¢ i Plating corn seed on water agar after incubation in soil 
treated at »() ind ¢ { e( > pl ed ss cesstul in trapping Pythiun Rhizoe fonia, 
tively, soaked i / aris and Sclerotiur spp., as well as certain other 
potato-dextrose () | fur rel oisture, temperature, and incubation period, 
none vielded et vitally influence the kinds and per cent recoveries 
UOe sate fro liu f fun For instance, Pythium and = Rhi:z nid Te- 
chlorite ith pr ty lu 29 coverles wel reatest at medium to high moisture levels, 
colonies of ¢ age ‘ ‘ i (,¢ na- whereas | ariulr was less affected by moisture. except for 
tion of seeds t ( not decrease at the lighest level. Pythium and Fusarium 
reduced, but hi | vere favored by temperatures less than 33°C, whereas 
reduce vermit K 0 nia recovery was high even at 33°. By selecting 
ippropriat ibinations of moisture, temperature ind 
The deterr j neubation period, specific fungi were readily detected, al- 
oxysporun j HH R oy KNOWLES though not quantitatively. A’ more reproducible technique 
was developed with cornmeal agar suspension containing 


AND L. J. AstiwortH. S / rut 
oe hes , \s | 


f lint (Bolley) Si g j 1 measured quantity of soil, ir disks of le suspension 
variability of path ea sere were transferred to water agar and incubated 10-14 days 
from single plant ; Py at 24° he kinds of fungi recovered by this technique 
3, Punjab 4 ci CI. 107] ind were the ume as with the corn seed “trap.” In addition, 
Argentine feat \ ( consistent re itionship was noted between the a sunt 
previously des ; rin a il per r disk and the percentage recove! 
were all obtained ilar é I 
plants at a leve : | i were Vetalhe studies with the fungal toxir ctor Kri PKA, 
purified and maint ! kel t isolates LAWRENCI kK P evious data have shown that viet rin, the 
were obtained fre } \ h D , toxin produced by Helminthosporiur ictoriae M. & M., 
wilt plot, TL tre \J t causes a 3-5-fold increase in oxygen consumptiotr { oat 
remainder fro ( e tissues susceptible to H ictoriae, but has no such effect 
of the fungu ve } t on resistant arieties, Studies of terminal oxidase activity 
genicitvy on t ( \ { the in victorin-treated tissues indicated that ascorbic acid 
collections fron 1 | ee OX ase ictivity was 2-4-fold as reat in susceptible oat 
of the 5 race homogenates as in those from resistant or untreated plants, 
presence or ab ‘ t Be oe ilar increased ascorbi wid Oxidase activity was 
ind ©) for re mie found in susceptible oats moculated = witl thie fungus, 
mentary action ! > ctrophots ern leterminations, Ising h hioro 
sarv for resistal phenolindopheno showed 3-told less ascorbic acid in 
toxin-treated susceptible tissue than in untreated controls, 
Reductior J Further tests evealed that 2 t-dinitrophenol, an ul ipler 
vellow leaf 1 | r) \ Ps tf oxidatl phosphorylation, had no effect on sus ptible 
REE Ren \ ) : d it tissue pretreated 4 hours with toxin, and that sodium 
of 3-17 dav a : f Hhuoride, whict nhibits elycolvsis canceled the respiratory 


eta “Wrage ; : & increase Induced bv victorin. Since heaithyv sus« ptible and 
the leafhoppet ly . , , \ resistant ssues reacted similarly to 1odoacetate i! bition 
caged on heattl ‘ t 1 fory | oO ol yOURy SIS there was no evidence nat : : ave ented 
phosphate shunt was a tactor in varietal resistance 


new pl ints ul 


le ifhoppers was ‘ ad ’ 
ents. In 7 exp 6 | 9 of { unique high-pressure field-plot sprayer. Lane, Gro. H. 


f \ tractor-drawn power spraver has been devised that pro- 
A t r 


the 60 
n of 


eafhopper i 


Insects provin to t des | hi-pressure, mechani lly uniform ap} 

the access time ' hu 2 ful ides to small plots of row crops It is unique in that 
hecame infective I | t it the spravet iv be cleaned and the fungicide changed 
Oy acquired vil ¢ t t ' ct between | t= during i single passage throug! the field. 


tt t t Phe t was developed over a period of several years of use in 


that transmittes 


non-transmitters Phe spraying onion plots for Purple Blotch control. Reduction 
evidence for the 1 to of experimental error through uniformity in the applica- 
be highly signif | ! Ol). tion of sprav materials is a highly desirable feature in 
One hypothesis i " t held tmatis n i repli ited trial on onions in 1957, 6 
vellow leaf roll viru t sect fungicides were compared to an untreated control. Esti- 
vector as well as t pliant mates of leaf infection at harvest showed marked superior- 
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ity of certain fungicides Bulb infection iftter a 4-month 
storage period likewise showed statistically significant dif- 
ferences. The Coefficients of Variability of these 2 sets of 
data are, respectively, about 10 and 17%. The fair 
degree of uniformity in the data reflects satisfactory uni 
formity in t spray application, 


soils fected with Pythium. Linpperc, G. D Yields of 
Veli/jotus indica, grown as a green manure crop witl 
sugarcane have been reduced several hundred per cent 


in soils highly infested with Pythium. Two phases of the 


disease were readily apparent: 1) poor stands from 


damping-off by Pythium, and 2) severe stunting, yellowish 
discoloration, and premature loss of leaves in plants sur- 


the seedling stage. Damping-off due to Pythium, 
tentatively identified as P. ultimum, was demonstrated in 
the rreennouse by na ulating sterile soil wit! i suspen 
he fungus just before planting. The incidence of 
damping-off was usually above 90 \ disease similar to 


the stunting and yellowing described here has been re 


produced in the creenhouse by boring several holes in the 
soil around 2-week-old sour clover plants and filling the 
holes with a suspension of the Pythiun Within 3 weeks 
of inoculation the plants showed signs ot stunting and dis- 
coloration. Control plants treated in a manner identical to 


those above, except for adding the Pythium, remained 


{ntobiotics gainst plant disease f 
Cinnas n against selected micr anisms LINDEN- 


FELSER, Ltoyp A., Tuomas G. PripHaM, AND CAROLYN E, 


Kemp. Cinnamycin, a polypeptide antibiotic produced by 
Streptomyces cinnamomeus f{, cinnamome NRRL B-1285, 
has been shown to be chemically and microbiologically 
related to the intibiotic duramyein Since duramycin has 


trated ntagonism against the igents ot certain 
plant diseases, the activity of cinnamycin was reassessed 
( iboratorvy against a wide variety of bacteria and 
ape sugtth mastioulon hasis on phvtonathogens. Re- 
m ais, V particulal emphasi l pny pathogens, iC 
sults of the laboratory studies are presented, Cinnamycin 
is generally ineffective against gram-negative bacteria and 


gram-positive cocci, Most gram-positive rods are inhibited 


by concentrations of O0.02-100 4g/m Plant pathogens 
inhibited by cinnamyein at concentrations under 100 
cr I Bacteriur cattlevae, Coryneb feriun fascians, 
Pseudomi s phaseolicola, Xanthomonas phase . Botrytis 
a j Cercospora nmiusde Cflarviceps y rede Diplodia 
gites megalocarpus Sporodinia grandis). Cinnamycin 1s 
high v bactericidal in that cells fron 12 r ty bacteria 
exposed to cinnamycin failed to initiate growth on transfer 

intil Ires edia 

Streptomyces sp] s a cause of natural soil fungitoxicity. 
Lor KWooDd, OHN | Myceli im of various tungi was lysed 
l 2 weeks afte igar cultures were overed with natural 
or organic s . Viveelium oft most tung! w completely 
destroved, whether growing on media rich in nutrients or 

deficient edia. In general. mvcelium of soil-inhabiting 
tungi sed as readily as mvycelium of other tung Natural 
soils destroyed mycelium from cultures killed by propylene 
oxide p 1 inhibited germination of spores on agar, 
Ne sterilized by heat or propylene oxide vapor! had no 
fungitoxic effects, Sterilized soils inoculated with isolates of 
Streptomyces spp. lytic to mycelium in culture showed lytic 
and inhibitory effects similar to those of natural soil. The 
intensit ot vil action by soils inoculated with isolates 
ot Stre spp. was correlated wit! ntensity of 
the isolate culture. Lysis of livir ver l 
n agar cultures by isolates of Sere spp. does not 
pp ted 


Mechanism of a mulation of Meloidogyne hapla around 
eedlings. Lownspery, B. F., ano D. R. 


VIGLIERCHIO In his study of nematode attraction, Wieser 


1955) covered the bottom of a Svracuse dish with wet 
sand, placed egg masses of MV. / a in the center of the 
dish, with a germinating tomato seedling 5 mm away, and 


noted accumulation of larvae of MW. hapla on the seedling 
side of the dish after 24 hours, The authors observe similar 
umulation when free larvae are substituted for the egg 
asses. This substitution, accomplished by placing the 
vae on sand in a glass cone suspended with its tip at the 
center of the dish, obviates a demonstrated hatching effect 
the tomato seedling \ statistically significant accumu- 
ion of larvae on the seedling side of the dish also results 
when a dialytic membrane is placed between the tip of the 
iss cone and the seedling. This indicates that the larval 
accumulation is, in part, a response to a dializable agent, 


agents effective at distance trom the root surtace, 


Krad alive fungi es fo nire of gladi s Ootrvas, 


Macie, R.O. Heavy production of Botrytis conidia on freeze- 
damaged gladiolus leaves and rotted necks prevented con- 
trol of flower bud rot in spite of daily spraying with zineb. 
Conidial production on gray-molded tissue was only 7-17% 
{ that on control leaves after heavy spraying with a 2.4% 
ethyl mercury 8-hydroxyquinolinate (Ortho LM Seed 
Protectant). ] 2 qt per LOO cal . q M 19, water soluble 
phenolic complex 28.5 (19% substituted halogenated 
phenols), 1 qt. per 100; 7.5 tris (2-hydroxyethyl) (phenyl- 
nercuri) ammonium lactate (Puratized Agricultural Spray), 
1 qt. 100: and 60 | ,.2-bis (ethylsulfonyl]) -1,2-dichloro- 
ethylene (du Pont Experimental Fungicide) 2 lbs./100 gal. 
Maneb 2/100 was less effective, because of leaching rain. 


Over 2 in. leached the sprayed leaves 1-2 days after each 





ipplication. Effectiveness of du Pont Experimental Fungi- 

cide and of Ortho LM Seed Protectant increased in spite 

of drenching rainfall. Thiram, zineb, and captan at 2/100 

were ineflective. Degree of conidial suppression tended to 

increase as spray applications were repeated, Germination 

ot conidia produced on sprayed tissue was un iffected except 
gc » 


that 5-20 of those on leaves sprayed with CM-19 and 
Ortho LM were iberrant or dead 


Patholog al distul nces aAUSeCE by He ferodera trifolii 
isceptible and resistant plant Mankavu, R. A study 
was made of the parasitic re lat onship of the clover cyst 
nematode to a tavorable host, Ladino clover, and to less 


favorable hosts and resistant plants, The syncytium that 
develops in the stele adjacent to the head of the nematode 
is formed by the coalescing of adjoining cells, producing 
a continuous, multinucleate protoplast, It increases in size 
by inclusion of cells t its advancing margins Neither 
conspicuous hypertrophy of cells nor nuclear division was 
observed. Small, tubular structures were discovered within 


he svnevilum, close to and sometimes attached to the 


nematode’s stvlet. that are evidently related in some way 


to the feeding process Highly variable development is 
ide in pea, in which cells often react necrotically to the 
feeding of the nematode or its salivary secretions Red 


er is generally resistant, but occasional females develop 





normally The nen was able to develop te maturity, 
thoug usual d, in individual plants of other 
resistant crops Regardless of host, size of ten iles at 
taturitv is closelv related to size of syncytia, and the rate 
t me itode development is dependent upon rate ol devel- 
| t ot the svney j 

Iso ition tor contre nz interna cork of sweet potato, 
Martin, W. J.. ano E. J. Kanrack. Experiments in Louisi- 
ina over a 4-year period have shown that there was rela- 


vely ttle spread of internal cork disease to sweet potato 
plantings 100 yards or more from diseased plantings. Inci- 
dence of the disease in cork-free plantings adjacent to, or 
short distances from, diseased plantings varied from year 
to vear and locality to locality, ranging from less than 5% 
is much as 70 of the roots affected at harvest, and 
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generally much higher ed plantiz From 6 
isolated plantings | ’ 


affected roots were ! 1 6.9 alter 4 I 3 
in storage Plots in « ! I t 6 plantings in 195. were 
dusted at weekly inter iuri the growing season wilh 
a combination of ma I ‘ Z-a rbethoxvethvl)O.O 
dimethyldithiophosphat ind DDI t After rage, 
the mean percentage f I i from tl lusted 
and untreated plots were, respe 6.3 and 

Inactivation of Ser fur \i ECKI 
Donatp E., ano R. A. Sous Semesat 10% 2-chloro-4 
(hydroxymercuri) phe | in aqueous ispen 
sion to soil in cottor I i e alter 2-3 
weeks in nonsterile sé it t iftter 2 months in 
steamed soil Phe il ogical rather than 
chemical. Fungi and bactet ised in Semesan-treated 
soil as the fungicida 1, Organisms ist 
lated from seme tested lor thei 
ability to grow on potat xt iar containing 0.1, 1, 
or 10 ppm Semesal e I Penicillium, 
Aspergillus, and Tri let tolerant of Semesan 
in agar. Flasks of wel culated wit pore sus 
pensions of these fi ited | week, and sus 
pensions of Semesar ed | lungicide was 
rapidly Inactivated t ted with 2 solutes ot 
Penicillium sp. and / ers. ex Fi 
Rate of inactivatio I nose solis than in 
unsteamed soil for t f ) t vyhich the 2 rates 
were equal 

The fungeistat try Rotrvtis 


cinerea 


KLAYTON | anp WaRRI BE. Eu Mycelial transfers of 


B. cinerea on grape Li ere irradiated with differ 
ent dosage of ion I t n held at 
36-38°F. A dosage of ep delaved growth 5 
days; 2 lO? d 1 gr t days | lOv re 
sulted in slight rowl pped ind 6 lov re 
sulted in no subse ! tl fungu Cultures 
irradiated with 4 105 rey o growth after transfer 
to unirradiated med | ead botrvtis rot 
among grape berri reduced with dosages 
up to 2 10 rep \ ] t were observed on 
fresh-harvested pe QO” rey 

Influence of « er el elery 
to early and ate \ Ray ( ery plants 
sprayed $5 weeks fore ! | ratul hh solu 
tion containing 20-50 cid appeared re 
susceptible to eat | { y j tres is 
indicated by ! I 
those of contro ( pe ite spravs or dusts 
failed to protect against Cer p ipl it 
plants had been s] e ll 
oculation Plant 
weeks hetore inocu t ‘ l ents 
Dorogin developed t ( ipara 
ble inoculated plant 

Symptoms ot ] 
NYLAND, GEORGE, 4 1D) | ; (Apple, apricot, 
peach, plum ind Ve I respec 
tively, symptoms « pie | t ! pox, yellow 
bud mosaic and rin | ri nd whit =~ sweet 
cherry rugese mos VS were ratted 
to plants of the stra he) | ta and issen and 
to Fragaria ves Foot eaf rafts wer used 
Symptoms in strawbert ist d were 
very distinctive it evel showed severe ein 
clearing and ru ited apple 
showing symptoms n showed i motting 
and vein necrosis f n api pox sour Shasta 
showed leaf cuppir nd s] ttle fr ! pattern 
in Shiro plun R 1 almond 


Vol. 48 


produced chlorotic blotches and leaf distortion on Lassen, 
Shasta, and F. Ringspot-infected peach produced 
mottling, vein clearing, downward curling of leaves, and 
short petioles in the strawberries. Shasta inoculated with 
the sour cherry yellows virus developed chlorotic rings and 
mottle from strawberry to. straw- 
berry also were obtained with these cultures. 


vesca, 


yellow Transmissions 


The influence of emanations from fruits of Prunus spe- 
germination of the brown-rot 
Ocawa, JosepH M. Susceptibility of fruits or Prunus spe- 
cies to brown-rot organisms is known to increase with fruit 
maturation This behavior has been attributed to skin 
thickness or chemical constituents in the fruits or in the 
hypodermis of the fruits. Dusting green and ripe peach 
fruits with spores of Sclerotinia ( Vonolinia) fructicola and 


les on spore organisms, 


incubating the inoculated fruits in a saturated atmosphere 
resulted in less spore germination and shorter germ tubes 
on the surface of green fruits than on ripe fruits. Gaseous 
emanations from fruits of certain Prunus species markedly 
affected the 
S. fructicola 


germination of spores of Sclerotinia laxa and 
Bioassavs were made by exposing spore sus- 
micro-beakers to the emanations from green 
Green fruits (peach) produced inhibitory 


pensions in 
ind ripe 
effects on germination of spores of S 


Iruits, 
fructicola, whereas 
produced stimula- 
laxa and S, 
germination 


ripe fruits (peach, apricot, and cherry) 
tory effects on spore germination of both S 
fructicola. The maximum 


was trom 6 per cent, in the check, to 97 


iIncreas¢ in spore 
per cent, in those 
exposed to ripe pea h emanations, whereas the maximum 
germination was 69 per 


check, to 15 per cent, in those exposed to the 


decrease in spore cent, in the 
green peach 
emanations, 

borne potato virus disease in Calitornia, 
anpD Tutty Bowman. Potato tubers, 


with shallow 


Studies on a soil 
OswaLtp, Joun W. 
var. Kennebec, rings (5-10 mm in 
diameter) just below the skin and internal necrotic flecks 
local helds in the Salinas 
Mechanical inoculation with sap from the necrotic 
necrotic mottle to develop in Vicotiana 
Turkish and Yellow Burley. Necrotic rings 
stem necrosis, and stunting char- 
Seventeen of 142 tobacco 


developed identical symptoms when grown 


necroti 
were observed in areas of 4 
Valley. 
rings caused a 
tabacum, vars, 
on the leaves, severe 
acterized the disease in tobacco, 
plants (12°) 


in soil from the diseased areas; 56% of diseased tubers 
plant with distortion, yellow mottle, 
and stem necrosis. Only 14° of the total stems exhibited 
this symptom, 44° of the 
plants showed rings and internal flecking, similar to the 
held disease Constantly 


straight, virus-like rods with modal lengths of 


produced at least | 
progeny tubers from diseased 


with the disease are 
106 me“ and 


associated 


195 mu by about 20 mu in width. Preliminary serological 
Holland to the tobacco rattle 
a relationship between it and the Salinas 
nature, and 


tests with anti-serum from 
indicat 


virus. The 


virus 


appears to be viral in 


disease 
similar to the potato stem mottle and tobacco rattle virus 


disease described in Europe 


form in Pl 


Examination of a diseased Dauben- 


{n effect of substrate on spore 
Parmeter, J. R., Jr. 
tonia specimen showed typical Phomopsis pycnidia on the 
stem. On decorticated 


omopsts 


vark-covered portions of the areas, 
pvenidia containing only scolecospores were obse rved. Since 
depend on the 


identification of Phomopsis may presence 


ilpha and acicular beta consistent 
plant substrates could 
To test the 
sections of Daubentonia 


if both ovoid spores, 


ibsence of ilpha some 


spores on 
lead to incorrect diagnoses constancy of spore 
form on different plant substrates, 
sterilized in propylene 
placed on Petri These 
with a spore suspension derived from a 
alpha spore. After 
spores began 


1, with and without bark, were 





water agar in dishes. 


culated 


that originated from a single 


incubation for 20 days at room temperature 


developing pycnidia. Examination of the 


to ooze from the 
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spore masses from individual pycnidia showed that only 
beta spores were produced in pycnidia on decorticated 
wood, whereas both alpha and beta spores were produced 
in pycnidia on bark, These observations emphasize the 
importance of testing fungus isolations on a variety of 
natural substrates before making determinations 

{ disease of Kentucky blue £Z2rass ine ted DY certain 
spiral nematodes. Perry, VERNON G. Large populations 
of plant-parasiti nematodes are found in Kentucky blue 
grass (Pea pratensis L.) turf in central and southern Wis- 
onsin, Certain species otf spiral nematodes (Helicotylen- 
hus) of which descriptions are being prepared for publi- 
cation, are most common and abundant. Pathogenicity to 
blue grass was established by greenhouse inoculation 
experiments, field control experiments, and pathological 
histology studies. Affected plants are stunted, their roots 
ire discolored brown, the root cortex apparently is sloughed 
prematurely, and the plants enter what has been termed 
“summer dormancy”——usually in June in Wisconsin. 
Through applications of 2 nematocides the stunting, root 
discoloration, and summer dormancy symptoms were cor- 
rected to such an extent that weeds, clover. and Bermuda 
grass were largely crowded out by the Kentucky blue grass. 
The spiral nematodes were repeatedly observed in a feeding 
position, with their heads in root cortical and phloem 
tissues of greenhouse-grown inoculated plants and _ field- 


grown plants 


Dips and drenches for the conire of I isaritum stem rot 
»f carnations. Petersen, L. J.. ann Ratew Baker. The 
conidia of Fusariun roseum {. cerealis (causal agent of 
Fusarium stem rot) were found on carnation cuttings used 
in propagation. Infested cuttings were dipped 10 minutes 
in various solutions and suspensions of fungicides in at- 
tempts to eradicate this inoculum from « ittings. Results 
indicated that Panodrench 4 (3.0 ppm cyano(methylmer- 
uri guanidine), Panogen experimental material No. 13849 
3.0 ppm active ingredient), and ferbam (1000 ppm ferric 
dimethyldithiocarbamate) were effective in control. In a 
representative test, 27 of 36 plants were dead in the inocu 
lated control 60 days after the propagative period, whereas 
0, 2, and 4 plants were dead in plots in which cuttings had 
been dipped originally in Panodrench 4, Panogen No. 
13849, and ferbam., respectively, At the same rates these 


compounds were equally effective when applied as drenches 
it the beginning of the propagative period. Combination 
dips and drenches were slightly phytotoxic, but gave better 
control than did dips or drench treatments alone. 


The effect of ight upon grou th of Armillaria mellea in 
ture. Raape, Rosert D. On culture media, the growth 
of Armillaria mellea was more abundant in the dark than 
in the light In an attempt to separate the effects of differ 
ent areas of the spectrum, agar cultures of the fungus 


were grown under Cellophane of different colors. The 
fungus grew well in vellow light, less well in green light, 
still less well in red light, and poorly in blue light. Cul- 
tures grown In the dark were used is checks Because of 
the optical impurity of the Cellophane as tested by a spec- 


trophotometer, and because of the difficulty in regulating 
intensity, cultures of the fungus were grown under Kodak 
Wratten filters mounted in “B” glass. By arranging them 
it different distances from the light source and using neu 


il density filters, light intensity was so regulated that 


ill cultures received the same amount of light. The fungus 
developed poorly under blue and red filters, better under a 


green filter, and very well under a vellow filter 


The nceorporation of C14 from laheled rgzar 1¢ ds into 
tobacco mosai irus. ScuLecer. Davin | anp H. GUNTER 
WITTMANN lobacco-mosaic-virus-infected tobacco leaf tis 
sue (\ fiana tabacum var Trele ase) was ted ( l4 lahe led 
oxalic, malic, and acetic acids, either by vac infiltration 


into inoculated leaf disks or by petiolar feeding. Feeding 


was done on the third day after inoculation, and the tissues 
were allowed to metabolize the labeled organic ac ids for 
24 hours. The virus was purified, its protein and nucleic 
acid separated, and the radioactivity of each fraction deter- 
mined. Only a relatively small amount of the C'™ from the 
organic acids supplied was incorporated into the virus 
0.5% in the case of malic and acetic acids, and 0.03% in 
the case of oxalic acid. The C' from the organic acids 
was found mainly in the protein fraction; however, the 
label from acetic acid also appeared in small amounts in 
the virus nucleic acid. Paper chromatography of hy- 
drolysates of the protein fraction showed that radioactivity 
was rather generally distributed in the amino acids. The 
very low rate of incorporation of organic acid and the 
general distribution of the label in the amino acids seem 
to indicate a nonspecific role of organic acids in virus 
multiplication. 


{natomy of tristeza-diseased lemon seedlings. S HNEIDER, 
Henry. In Feb., 1957, Lisbon lemon seedlings 15 em tall 
were side-grafted with lime scions that were not late 
removed. The diseased scions were from plants that had 
been insect-inoculated from commercial sweet orange and 
from Meyer lemon. Plants were sacrificed for sectioning 
at 10, 15, and 27 weeks. Plants inoculated with virus from 
Mever lemon developed small vellow leaves with curved 
midribs at 15 weeks, and their feeder roots were deteriorated 
at 27 weeks. They grew only half as tall as other plants 
in the experiment, but radial growth of the stem at the 
transition region was not impeded. Both virus strains 
caused chromatic cell formation throughout the plant in all 
collections. Feeder roots of plants inoculated with virus 
from sweet orange exhibited slight sieve-tube necrosis and 
slightly excess phloem in occasional roots. In contrast, 
feeder roots of plants inoculated with the strain from 
Mever lemon exhibited extensive sieve-tube necrosis, tre- 
mendous excess phloem production, and very little sec- 
ondary xylem, and sometimes vessels were gummed. Both 
virus strains affected lime plants to about the same degree. 
In lemon, unlike the condition in limes, the chromatic con- 
dition did not spread to meristems. 


Rapid entry of infectious partictes of southern bean 
mosaic virus into living cells following movement of the 
particles in the transpiration stream. Scunemer, I. R.. anp 
J. F. Wortey. Infectious particles of southern bean mosaic 
virus moved upward in the transpiration stream through 
steamed regions of Pinto bean stems, entered living cells, 
ind multiplied. A hypodermic needle was used to intro- 
duce purified virus into the hypocotyls. The virus frequent- 
ly multiplied in foliage far above the point of inoculation, 
is indicated by the appearance of characteristic necrotic 


areas (sometimes within 4 days). Juice obtained from such 
ireas was alwavs highly infectious. Necrosis in foliage 
did not develop after inoculation of the hypocotyl surface. 
Application of steam to a portion of an internode above 
the inoculated area (24-48 hours before virus introduction) 
did not retard the upward movement of virus. Necrosis 
ssociated with virus multiplication occurred as frequently 
and as rapidly in plants with steamed internodes as in 
plants with internedes not steamed. Neither necrosis nor 
virus was ever detected in uninoculated plants. Introduction 
of the virus into an internode well above the hypocotyl 
ilso «resulted in the frequent occurrence of necrosis in 


foliage above the inoculated area, but rarely in that below. 


Vector efficiency of transmission of 2 pepper viruses as 
n fluenced by species and cione of aphid SIMONS, JOuUN N 
Efficiency of transmission of southern cucumber mosaic 
virus In pepper was ine isured with i single clone of the 
green peach aphid, Myzus persicae (Sulz.), and with 3 
ones of the cotton aphid, Aphis gossypii Glover, over a 
period of 3 years lransmission of vein-banding mosaic 
virus in pepper was measured by 2 clones of green peach 


> oe ) 


iphids and the 3 cotton aphid clones over a 2-year period 
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Each clon trar lifl I Dut { \ Safflower seed heavily infested artificially with telio- 
characteristic, efficir : nt during spores of Pu a carthami and slurry treated with Pano- 
the period of samy \ f r ethciency gen 15 (2.2 cyano(methvimercuri) guanidine) at dosages 
by changing the | t of 1-4 oz./bu. was held 3 days in sealed storage at 5, 10, 
succeeded, but thi 1 be 15, 20, 25, 30, and 40°¢ Treated seeds were planted in 
expected if the n flats of oist, steamed soil, which were held Ll week at 5°C 
for the variatior ( f one na ‘ld roo ind 4 weeks at 20°C in the greenhouse, 
virus were poor riants f infested but untreated seed were LOO rusted. 
the number of rusted seedlings produced from treated 
Reactio oO} f eed decreased as either storage temperature or dosage was 
chemica SINCLA ‘ ned increased, Maximum percentages (1-5° ) of rusted seed- 
by greenhouse a off ings were produced at storage temperatures of 5~-15°, 
of cotton seed f were Less than 0.5 rusted seedlings developed from seed 
placed in out-fie : ff es ll treated at 2-4 oz. bu. and stored at 25-40 None of the 
stand count wet t fi whicl treatment ive perfect control, affected stand, or produced 
the culture f R ‘ ‘ a6 ‘ 
originally isola ( é le in 
1957-58 to test tl , chemica The i, the root-knot nematode. Meloidoavne ia 
combinations (car i } plus PCNB a a ae tA ee ean wilt. THOMASON. Ivan J. The 
igainst 4 isolate A ‘ ste! 4 ost important diseases of blackeye beans, |} igna sinen- 
lized field soil wer l t ( f , in California are Fusariu wilt and root-knot (,reen- 
broth culture oft ‘ eh ise tests with the 2 varieties Grant and Chino 3 have 
later with Delta | 1) OB hown that ilt was more severe in plants vrown in soil 
In ¢ replicate au { llated nfested with both Fusarium and nematodes than in soil 
and untreated-unir eC] infested with tl fungus alone. Grant was found resistant 
gence and disease iter to some isolates of the wilt fungus, Fusariur oxysporum t% 
plantin ’ ind | enlage I ira els when thie plants were tested by dipping the 
healthy plants Phe . l with roots in spore suspension The resistance of this variety 
essentially the s J was reduced when the roots of the pl ints were ntected by 
patho en Hig! pee ent I nematodes n 2 field tests on a sandy soil in which root- 
healthy seedlin ! thin knot nematodes were controlled by soil fumigation (0.5 


both chemical tr : \ | 2.dibromo -chloropropane ). the severity of Fu- 


rl W was markedly reduced in both Grant ind 
Cultural diffe Chino 3 ry bean vields were increased trom 600 |b. on 
Pinus pa i ( ‘ , \ 1S¢ intreated nd to 1600 Ib. A. on treated soil 
Scirrhia a ole p , 
as well a I l I the 2 Trea t of mT roe ted so with lanam and 
pines were comy | trains / ne lims, Evcene C. Soil from 2 sources heavily in- 
could be distir \ lilier- fested w the pink root fungus, Pyrenochaeta terrestris 
ences were obsel PDA or Hansen) Gorenz, Walker & Larson, as well as soil or 
malt agar, in Hor ‘ itt sand artificially inoculated with the fungus, were used in 


of hyp! if Var t ¢ | t creel ouse tests, \ ipam i sodium \ me hvldithio- 
colonies, ectori i eal carbamate dihydrate} ind \Iy one 85-W \ >..-CLi me tivitetra- 


let t. 1 1 1 
among isolates sé hvydro-1.3.5-2H-thiadiazine-2-thions BO by weight, were 


from different re \ } ised at rates of respectively, 14 at ind 15 Ib. per 100 
served betweet t a. 2. @ eedlings were used as test plants to indicate 
first month of i nes yphal the severity of pink root. \ ipam ive iimost complete 
fusions were obs j contre of the disease in naturally intested s ill the 
and P faeda rate Ised \l one Gave rood contro it the hea it rates, 
but a wer rates there was some pink root develop 
Hot air for tl f ent irtificially inoculated sand or soil, the chemicals 
sugarcane n | ; I | | ES were not nearly so effective in reducing the amount of pink 
Hot air was chose ' the root No phytotoxicitv occurred if 15-21 days elapsed be- 
ratoon stuntin ind tests twee! ippivin the chemicals ind = plantin the onion 
proved it sater \ } r t wa eed \i itlode populations in the natu! il field soi were 
made available ' \ ilmost completely destroyed by the heavier applications of 
tested. Perfor ; Mylone and Vapan 
in 1955 and 1956 Ove was 


satistactory durit \ S ] on method f¢ stimatir ase 


temperature of o8-¢ f ! P ophthoras in the so Psao, Pett H. The 


perature of oF ¢ ‘ I onvent i ethods tor quantitative dete nation of 

1 ' 

nated wel ld tt re populations or disease potentials of microorganisms in the 
1] , 

In most riet | \ yavs sO] ire not applicable to Phyvtophthor itrophthora or 


100 A cheel , P. parasit neitants of gummosis. brown rot. and fibrous 


showed that th nic \ re a root rot of citrus \ serial-dilution ethod. using lemon 
harvester had be ; ntan fruit as host, was developed that provided means for study- 
nated by the few « i e plant cane ing distribution and factors influencing the disease poten- 
Plant cane found 2 f it plants tia f these fungi in the soil \ 50-ce sa nplie of a thor. 
diseased in the st " f 2 test ' ighly xed soil was divided into 2 equal portions. One 
various temperatur t appears that cer half was used undiluted; the other was diluted with sterile 
tain varieties t { { t for soil to e 1/2, 1 4, 18, 1/16, 1/32. and 1/64 dilutions. 
maximum disease Phe parative disease potential of Phytophthora spp. in 
Si vas estimated by means of a standardization lemon 

Effect of temp é trap test (25 ce soil, 150 ce water, 2 ripe or near-ripe 


of safflower rust u TAS, ‘ n truut »5°C.. and 6-day duration) The tests were 
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made in l-pint wide-mouthed paper cups. The disease po- 
tential index of a given soil was defined as the reciprocal 
of the highest of the dilutions that vielded brown rot 
lesions on the test fruits, A soil with an index of 16 is 


considered to have a disease potential about 8 times that 





The pathoger of Hemicy lopnhora arenaria on citrus, 
Van Gunpy, 5S. D. Hemicycliophora arenaria Raski was 
found parasitizing rough lemon (Citrus limonia Osbeck) 
roots in the Coachella Valley, in California. In the field the 
nematode was associated with a distinctive galling of the 
terminal and lateral root tips. Rough lemon and Ho- 
mosassa sweet orange (Citrus sinensis Osbeck) seedlings 
were inoculated with 250 hand pi ked nematodes and main- 
tained in soil temperature tanks at 25° and 30°C. The 
better temperature for gall production and reproduction of 
the nematode n lemon roots after 5 months was 30°. The 


trees grown at 30° had 350 galls, whereas those grown at 


5° had 100 galls. The total number of nematodes recov- 


ered per tree from the soil and roots was 160,000 nema- 


todes at 30° and 10,000 nematodes at 25°. There was a 
5 reduction in top growth at the higher temperature. 
No galling occurred on the sweet orange roots The nema- 
tode population in each of the inoculated crocks was less 
than the original inocula. The formation of galls on rough 


lemon roots was a hyperplastic response to the feeding of 


the nematodes The cells adjacent to the stylet of the 


nematode showed hypertrophy of the nuclei 


The pred fron oft widespread ate Olight weather from 
yptic pre re patterns. WALLIN, JACK R., AND JOHN A 
Riney. Reeording hygrothermographs among potato and 


tomato foliage were used to estimate the duration of coin- 


t 


dent temperatures and relative humidities associated with 


the g wth and development of the late blight pathogen, 
Phytophthora infestans. Spread of the pathogen was pre 
dictable for a 7-day period lf coexistent time-temperature- 


relative-humidity values were: mean temperatures of 60-80°F 
for 10 hours or more, 54-59°F for 13 hours o1 ore, or 45 
33°F for 16 hours or more, all with relative humidities of 
90°. Daily sea-level pressure maps were studied to identify 
ing periods, 
In the North Central States, the incidence of these periods 


patterns iost indicative of these blight 


related to a nearly stationary east-west front 
ist south of the target area, accompanied by an open wave 

in active low-pressure system, Air flow patterns at the 
surface and at about 10.000 ft. were obtained from 5-day 


mean-sea-level and 700-millibar pressure maps. The circu 


lation pattern most indicative of taverable periods was a 
southeast fl it the surface coincident with a southwest 
flow at 10,000 ft Using this pattern as basis, objective 
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»-day forecasts of widespread favorable or unfavorable 


blight weather were generally successful. 


Cross-protection studies with yellow-vein and certain 
ther viruses of citrus. Weatuers, L. G. To determine the 
possible relationship of yellow-vein to other virus diseases 
of citrus, West Indian lime (Citrus aurantifolia) seedlings 
infected singly with cachexia. exocortis, psorosis, tristeza, 
and vein-enation viruses were graft-inoculated with the 
vellow-vein virus. Yellow-vein symptoms developed within 
>-6 weeks in all inoculated plants, irrespective of the pres- 
ence of the other viruses. Yellow-vein symptoms were 
much more pronounced in pl ints containing either cachexia 
or vein-enation than in plants infected with yellow-vein 
virus alone. Conversely, the presence of psorosis slightly 
suppressed the severity of yellow-vein symptoms. Tristeza 
ind exocortis viruses did not alter the expression of 
yellow-vein virus, Symptoms of cachexia, exocortis, psorosis, 
ind tristeza viruses were not noticeably affected by the 
presence of the yellow-vein virus. Vein-enation symptoms 
were more prominent in the presence of yellow-vein, The 


; ; 


illure ot the viruses of cachexia exocortis, psorosis, 
tristeza, or vein-enation to provide protection against in- 
ection and development of vellow-vein symptoms in the 
reinoculated lime plants suggests that vellow-vein virus 


is not related to these other 5 viruses. 


Re sistance to Phytophthora cinnamon in the genus 
Persea, ZentMyer, Georce A, Phytophthora root rot of 
ivocado poses a major threat to the avocado industry in 


| 


(.aliiornia In the search for a resistant rootstock, seeds 


of varieties of avocado (Persea americana) and ot other 
native species of Persea were collected in Mexico, Central 
America, ( olombia,. Keuador, Peru, Chile, \rgentina, 


Brazil, Venezuela, Trinidad, Puerto Rico, and Cuba, High 


resistance to Phytophthora cinnamomi was found in 5 
small-fruited species of Persea: P. Skutcl P. caerulea, 
P. chrysophylla, P. Donnell-Smithii, and P. alba. Moderate 


resistance was tound in 2 r’. americana types: the Duke 


ariety, a Mexican seedling grown in California for many 
vears: and a West Indian type from Colombia. Com 
patibility tests by E. F. Frolich and G. F. Ryan showed 


it the highly resistant, small-frnited types are not graft- 


compatible with commercial avocado varieties in Cali- 
fornia. Collections were tested by a rapid, severe method 
using aerated nutrient solution: and by the less severe 


ethod of planting seedlings in infested soil in yreenhouse 


or lathhouse Correlation was good between reaction to 
inoculation with P. cir mon in nutrient solution and 
performance in infested soil in field plantings. Further 
selections are being made from the Duke variety in various 
cations in Calitornia 
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eht. high sugar concentration, and certain 


nitrogen 


constant li 
Control may be achieved 
with protective materials applied at the 
and continuing through the spring, 
Forced defolia- 
tion with a cyanamid spray or dust shortens the pe- 
riod during which protective leaf drop sprays are 
needed and ensures periderm development. Since a 
periderm imparts protection to sears. the defoliant 
should affect its 
Cultural and fertilizer practices 


orvanit sOuTCeS, 


delayed 


dormant stage 


summer, and leaf-dropping stages. 


or fungicides used not adversely 


development. 
should be such as to avoid exe essively high nitregen 


in trees in the fall. 
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canker affects l- and 2-vear-old twigs, blos- 
and fruits. The most evident symptom of 
the of dark-brown cankers at 
the nodes of the current season’s twigs (Fig. 1). 
later become grayish tan. Cankers occurring at the buds 
(bud cankers) 
at the the current 


kers Cankers 


vear-old corky bark as on younger wood. 


Pea h 
sOmMs, leaves, 
the disease 


Is presence 


which 


) 


are usually 1-2 in. long. whereas those 


base of season's twigs (basal can- 


may be larger. are not as evident on 2- 
Cankers often 
girdle the twigs. producing wilting and eventual death 
of the distal portion. Where girdling is incomplete, a 
flattened and weakened branch results. Cankers appear 
the the the 
fall. Bud killing may o stages 
the fall 
ind June results from bud cankers from infections 


\u- 


in- 


number in 
at all 


Twig-flagging during 


greatest 


throughout vear. with 


spring and cur 


throughout and 


May 


occurring 


spring. 
in the fall and spring: flagging during 
the fall 
duced at the terminal bud scale 


eust and into results from basal cankers 


sears during the early 
growing period as well as from cankers induced at the 


fall. Cankers 


often greatly 


leaf sears during early ire 
enlarged by a second fungus. Jalsa leucostoma Pers. 
ex Fr. (Fig. 1). during the fall and winter (5). Char- 


icteristically. the these 


| twig cankers. 


ove’ 


bark 


eht tan. and often zonate 


cankers 


(,umming is com- 


latter is 
loosened 
mon on al 

Blossom blight caused by Fusicoccum appears simi- 
lar to that hut « 


guished from brown rot by its failure to produce conid- 


caused by brown rot. an be distin- 


> 


1..3. Symptoms induced on peach by / 
Fig. 1. F canker sur 


Fig. 2 Fig. 3. 


} 
mveda twig 


Leaf 


VeLadil 


vy Valsa canker. infection 


rounded b 


Fruit infection showing erumpent pyenidia._Fig. 4-6. Ef- 
ect of nutrition on growth and fruiting of F. amvygdali 

Fig. 4. Effect of glucose concentration. A) 0.2 B) 0.8%. 
{ 2 1) 6.4 Fig. 5. Effect of nitrogen source \) 
peptone B) glutamine. ©) ammonium sulfate: note dark 
pigmentation. D) sodium nitrate Fig. 6. Effect of light. 
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Fusico ( lé ine Osson ped 


icel and progresses into the tw ' 2 :, 


ial tufts. 


twig canker. 

Symptoms of peact Ke é ind it were 
first observed by 
on the leaves were V-shaped nies ot wolalet os 
the base ¢ the V nfectio fre 


quently occurred 


cupying 


he found elsewhere or f infected leaves 
usually showed a « rot lvance of the V. 
and premature abs Bla cnid 
ia deve loped in the ld } ) [hese 
symptoms are not to be \ lesions lacking 
the characteristic V-shape dia t t are caused 
by physiogenic factors | The diseased area in the 
fruit was brown to irket 
center (Fig. 3 Bla la na ly in 
the center of the lesi rogressed, The in 
fected fruits soon f i y tori I 

mies, Although the i t rot was usually 
very low. 10 per cent ol well-dusted sul 
fur block of Sunhigh tr fected in 1952. Fruit 


infection invariabl 


or at insect injut 

EXPERIMENTA OD va orown 
on potato-dextro lon 
a variety of med i i lies ce carat 
various carbohydrat ind mures lo dete 
mine the opt im te wit culture 
were incubated | w 
11—99°]} In later ul 
bated at 80°F. Obser m vegetative 
and fruiting character 

Seven-day-old culture is erowil on 
potato-dextrose a rd ine | S 
\ piece of the mvcel | ilu ind 
moist absorbent ttor e and below 
the inoculated site | was then losed 
with aluminum fo , aan 
sons and as lor | ) le Natural 
infection was simulat eavy conidial 
suspension with a r brusl e conid 
ia were obtained trom i OZ7IN from can 
kered wood. Gre ere le eit ' 
by spraying the t ra re 
suspension or by ay lire ' 
to the infection vurt. A trees were in 
cubated 3 day it BO OO ner cent relative 
humidity 

Defoliation wa the reg ouse by 
removing the leaf blad a | eaf petiole 
which loosened and fe L day his method 
was chosen instead of lefoliation | void 
possible interference w 

In histological studies d scale scars were 
prepared for exam t eehand section 
ing of fresh material or by 1 tome sectioning of en 
bedded material. 1 n were made bv the 
phloroglucinol reactic ind the Maule test (16). and 
the presence of subs i ted t with 
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blocks 
of 20 randomized trees by applying fungicides with a 
minute at 300 

broom 


Experiments on control were conducted on 


bean sprayer at the rate of 30 gal. per 


Ib. pressure, 


W here 


plications were made to alternate 


ising an 8-cluster nozzle gun, 


entire rows of trees served as a treatment, ap- 


rows with a wind- 


blast speed sprayer. The fungicides used were sulfur; 
f dimethyldithiocarbamate): ferbam 


thiram (65% 


ziram (76 zine 


(76°) ferric dimethyldithiocarbamate 
disulfide ) : 


CV lohe xene 


bis( dimethylthiocarbamoyl ) captan (50° 


V-(trichloromethylthio ) -4 1. 2-dicarboxi- 
ethvlenebis dithiocarba- 
2.3-dichloro-1.4-naphtho- 


( 19° 


, ' a 
mide zineb (O05 zine 


mate dichlone (50! 


quinone tank-mixed zineb nabam (disodium 


and lime 


and a tank-mixed 


ethylenebis{ dithiocarbamate |), zine sulfate, 


in a ratio of 2 qt. to 1 Ib. to 1 tb.); 
fungicide consisting of 19°7% nabam. ferric sulfate. and 
10 oz. to 1 Ib. Additional 


tests were manel (70 


- fungicides 


lime (<2 qt to 
used in laboratory manganous 
2-hepta- 

2 4-di- 
Omadine (50% 
Agricultural 


immonium 


ethylenebis | dithiocarbamate . glvodin (34 


decyl-2-imidazoline acetate Dyrene (50° 


chloro-6- (o-chloroanilino )-s-triazine 
zinc salt of 2-pyridinethione-l-oxide ), 
Puratized (7.5 phenylmercury triethanol 
lactate Bordeaux mixture. mono-caleium = arsenite, 
calcium eyanamid, and Copper “26” (basic copper sul- 
late 

Kflect of environment on 
The effect of 


1] ' 
on growth was determined by incubating cul- 


EXPERIMENTAL RESULTS. 


the fungus.—l) tem- 


Temperature. 


pre rature 


tures of F. amygdali 1 week over a temperature range 


of 41-99°F. Optimum growth occurred between 80 
ind 85°F. Only 1 isolate showed growth at 41°F: none 
crew at 99°F, The effect of temperature on germina- 


tion of conidia was investigated by observing the time 


tio I ! 
required for germination at temperatures ranging 


LOO i. The 
nn was about 80 F: 


7 hours. At 100°] 


from 30 to optimum temperature for 


verminatl 


50 per cent ot the spores 


rerminated in only only 30 per cent 


of the spores had germinated by 30 hours. The re- 
maining spores showed a tendency to enlarge without 
producing a germ tube. At 32°F, 50 per cent germi- 


nation was obtained by 16 days. 


>) Nutrition ——To provide information on cultural 


characteristics, plates of Czapek, Saboraud, Gros- 
claude (8), oat, Lima bean, bean pod, and_ potato- 
dextrose agars were inoculated with F. amygdali 


at 80°F, and placed at 
light ler weeks 


which al- 


we ek 


intermittent 


incubated ] 
‘mperature in 


mycelium 
room te 
On all 


very 


more media—except for oat agar, 


lowed only meager growth—white mycelial colo- 
showing pronounced concentric zonation covered 

Petri dish. On and 
agars, fruiting appeared within 1 week; 
iar showed fruiting after 17 days; and potato-dex- 


> weeks. 
effect of 


nies 


the entire Czapek Grosclaude 


Saboraud 


showed little fruiting even after 
determine the 


trose agal 


Tests were conducted to 


varving carbohydrate sources on growth of the organ- 
ism. For this purpose, media were prepared in which 
and cellulose were 


soluble starch. 


used as the energy source at a concentration of 0.1 per 


olucose, sucrose, 
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eent by weight. Mycelial growth was similar on all 
carbohydrate sources except cellulose, which supported 
only slightly more growth than the medium lacking 
carbohvdrate Fruiting was generally sparse, but 
slightly more pyenidial development occurred on the 
sucrose-containing media than the glucose-containing 
media. No fruiting occurred on the media containing 
starch or cellulose. Since little variation was induced 
by the 2 sugars used at a 0.1 per cent concentration, 
slucose and sucrose were tested at concentrations of 
0.2. 0.8. 3.2. 6.4. and 12.8 per cent by weight. Although 


mveelial growth during the first week was similar at 


ll levels for both sugars. differences in vegetative 


erowth and fruiting were evident by the second week. 


In media containing sucrose at concentrations of 6.4 


per cent ind above, or glucose at a concentration of 


me 
| o per cent. 


t 
was characterized by dark-brown pigmentation. Fruit- 


erowth became rugose and viscoid and 


ing was clearly dependent on sugar concentration 
1). At concentrations below 3.2 per cent, neither 
su i! produced cultures with evidence of pycnidial 


ion bv the end of the second week Fruiting 


lorma 
increased as the sugar concentration was increased 
ihove 3.2 per cent. Sucrose appeared slightly more 
conducive to fruiting than glucose 


The foregoing media contained an inorganic nitro 


ren soures sodium. nitrate Experiments were con 


ducted in which various organic as well as inorganic 


nitrogen sources were incorporated in quantities pro- 
viding 0.04 per cent nitrogen in a_ basic glucose 
medium. Most of the nitrogen sources supported con 
siderable vegetative growth, except for glycine. which 
permitted little or no growth. Fruiting was evident by 
the end of 1 week on the following cultures, in descend- 


ing order of pyenidial abundance: peptone, glutamine, 


urea. asparagine ammonium sulfate, and sodium 
nitrate (kig. 5). The inorganic sources in this series 
were considerably less conducive to fruiting than the 
organi There was no evidence of beta spore produ 


tion in any of these experiments 


3) «Light The effect of light on growth and fruit- 
ng was tested by incubating inoculated plates of 
potato-dextrose agar in constant darkness and in con- 
inuous light supplied bv a 40-watt electric light bulb 
it a distance of 6 in. Within a week the lighted cul- 
hereas the cultures 
kept in the dark remained sterile (Fig. 6). Vegetative 


growth was similar in both cases. 


ures showed numerous pycnidia, w 


To assure abundant and rapid fruiting of F. amyg 


dali on artificial media. it seems idvisable to include 


a high sugar concentration, an organic nitrogen source 
of the tvpe spec ified above, an 80°F temperature, and 
constant exposure to light. 

Iniection courts. Orchard counts bv Cohoon and 
Daines (4) 


indicated the appearance of cankers 
throughout the ve iz. with the greatest number in the 


spring and fall, when opportunity was greatest for 
entrance through unhealed scars from removal of 
leaves. bud scales. blossoms. and fruit. These, as well 
is blossoms themselves, have been reported as suitable 


) Oo 


infection courts tor the fungus fo. | > oO In addi- 
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| \BLI | Canker deve opment or Rar tan Rose pear h 


ig rom inocuiation a arious dates 


Davs from 


nodes showing cankers inoculation to 


date Inoculated Uninoculated canker appearance 
June 25 60 5 18 
July 13 85 | 1] 
lulvw 24 BO 0 9 
Sept. 1] 80 & 16 
Oct. 23 85 0 20 
Nov. 20 > 0 90 
Dee. 11 9 6 
Feb. 19 12 i) 
March 19 12 2 

Based on 200 inoculations at each dat 


tion, dead or injured buds or bark areas have been 
suggested as possible infection courts (5, 8). Although 
Guba (10) reported that ingress occurs through leaf 
scars and buds, he did not mention any necessity for 
injuries or unhealed areas 

1) Leaf scars.-To assess their importance as in- 
fection courts. leaf sears were inoculated with my- 
celium of F. amygdali at intervals from June 25 to 
March 19. The results (Table 1) indicate a high per- 
centage of scar infection from June 25 to Novy. 20, 
after which time the scars no longer functioned as in- 
fection courts. The period between inoculation and 
the appearance of cankers lengthened during the 
cooler, fall months: on the November-inoculated sears 
it took 3 months or longer for cankers to appear 

During the summer of 1957 2-vyear-old Early Elberta 
peach trees were grown in sand culture at 3 levels of 
nitrogen. In the fall, leaves from these trees were re 
moved 18 days, 11 days, and 1 hour before the trees 
were sprayed with a Fusicoccum spore suspension, 
Phe results (Table 2) show that, at all nitrogen levels, 
i high percentage ot ¢ inke rs de Ve loped when nod ula- 
tions were made immediately after defoliation. Very 
few cankers developed when inoculations were made 1] 
days after defoliation. Since all trees had intact buds 
it the nodes, and therefore varied only in age of leaf 
scars, indications are that ingress of the pathogen oc- 
curred through the unhealed leaf scars rather than 
through the buds. This experiment may minimize the 
importance ol buds as infection courts, for the trees 
were greenhouse-grown and the buds not subject to 
the bruising that may occur during windy periods in 
the ore hard 


Having confined infection courts to natural and 


| ABLE é Canker deveiopment on Kar y Elhe ria peach 
trees in relation to nitrogen status and leaf scar age 


Foliage N 


N status © of Percentage of nodes showing cankers 

of tree dry weight 1-hr. sear ll-day scar 18-day scar 

Higl 39 51.6 0.0 0.2 

Medium 2.53 21.0 0.3 0.8 

Low 1.96 26.0 BS 0.0 
*25.9 


Significant at the 5 leve 
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mechanical wounds, a study vy indertaken to follow 
the development oft protective ibstances elaborated at 
wound surfaces. The abs n of peach leaves nor 
mally occurs at a well-defined zone visible to the 
naked eye. Although the ed petiole adjoining 
the leaf scar contains gum deposits, the newly exposed 
scar surface is free of gum until about the third day 
after abscission. Shortly tl te iber egins to 
accumulate, and within 7-10 days a fully developed 
periderm is apparent ’eriderm development takes 


longer in early fall than later fall. Appropriate mois 


ture and adequate aeration e necessary for rapid 
periderm formation. An experiment to determine the 


effect of humidity on periderm development in peach 


leaf scars was conducted on trees of \ irying suscepti 
bility. Twigs of Jerseyland, Triogen ind Sunhigh 
varieties were placed in chambers maintained at 70 


75°F with relative humidity at 50, 60. 70. 80. 90. o1 
100 per cent. Leaf scars were examined micros opical 


ly for gum, suberin, and periderm formation for 16 


days. At relative humidities below 90 per cent there 
Was no appre iable cliffe rence imong varieties ill re 
quiring 4—6 days for gum formation and 7-9 days for 
full periderm development. At 90 per cent relative 


humidity there was a 7-day delay in periderm torma 
tion in Jerseyland, a particularly susceptible variety 
Relative humidity of 100 per cent prevented forma 
tion of periderm during the experimental period in all 
3 varieties. 

Under the conditions of the experiment tabulated in 
Table 2. gum formation was found within 4 days after 
abscission, and a fully developed periderm within 
7-10 days ibsence of cankers 


in trees inoculated 1] and 18 days after defoliation 


Therefore. the virtua 


was attributed to the changes that had occurred in the 


periderm layer. 


2) Leaves. Studies n New ersey orchards re 
vealed no evidence ot twig cankers resulting from leat 
infections. Grosclaude 8 however. definitely ob 
served the progress of the fur is through the petiole 
with subsequent formation of twig cankers. In New 
Jersey, twig cankers having een tound at the nodes 
bearing intact leaves on greenhouse trees that had 


been sprayed with fF noculations 


Spore = 
punctured with i 


elsewhere on the leaf 


were made on le ives pre OUST 


sterile needle at the t Dp. base 


blade. After 31 days cankers appeared at the nodes 
bearing leaves inoculated at the base The area of in 
fection could be traced from the puncture. where the 
fungus gained entrance, thr the petiole. and into 
the twig. Whether. in the " rd ich leaves would 
persist on the trees long eno to allow twig infection 
is not certain. 

3) Bud scale scars Lea i flower buds are pro 
tected during dormancy by several lavers of overlap 
ping bud scales or modified leaves. As the buds en 
large and the leaves elongate, the scales gradually 
loosen and are shed eay inprotected sears that 
serve as infection courts in the spring in the same 
manner as scars left by true leaves in the fall. While 
the scales are being shed. the d teat scar tissue also 
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ATHOLOCY 
PABie . Canker development on growing Raritan Rose 
pede A terminal shoots from bud scale ino ulations 


% of terminals with 
basal cankers 


Inoculation dat Inoculated Uninoculated 
April 20 (petal fall) 8 18 
May 1 (shuck split) 18 8 
May 8 LO 20 
June 3 28 16 
June 17 0) 10 
June 22 }2 12 
July 6 22 10 
July 29 0 0 


Based on 200 inoculations at each date. 


undergoes abscission, but since a new periderm is 
formed shortly thereafter, opportunity for infection is 
limited, 

When drops of conidial suspensions were placed in 
the loosening scale areas at the base of 79 elongating 
shoots of greenhouse-grown Jerseyland trees. 67 per 
cent of the shoots developed typ al basal cankers. 
Ineculations were made at the bud scale region of 
elongating shoots in a Raritan Rose orchard at 2-week 
intervals beginning at petal fall, in late April. and 
continuing through late July. when elongation ceased. 
Data in Table 3 indicate the continued appearance 
of basal cankers during this period, with a sharp 
decline at the end of July. Some of the later inocula- 
tions required 2-3 months for symptoms to develop. 
Observation in the orchard of elongating shoots of 
Raritan Rose and Jerseyland trees corroborated re- 
sults of inoculation studies, in that basal cankers ap- 
peared over an extended season, from June to late 
\ugust (Table 4). 
bud seale scars revealed a similarity to leaf scars in 


When rep- 


licated series of Raritan Rose trees covering succes- 


Investigation of the “healing” of 


the development of a protective periderm. 


sive stages of growth were inoculated with a heavy 
conidial suspension, the largest number of infections 
developed from inoculations made during the period 
between the unfurling of leaves and elongation of 
shoots to 8 inches, this period coinciding with the 
shedding of bud scales (Table 5). 


| } Buds 


ing of buds by wind, pruning operations. or other 


Wounds resulting from accidental bruis- 


igents also provide a means of ingress for the fungus. 
Greenhouse experiments were conducted with bouquets 


of dormant Sunhigh and Raritan Rose branches. 


| ABLE } Canker development from natura infection of 
the growing terminal shoots of 2 peach varieties in 
the orchard 


r 


© of terminals with basal cankers 


Observation date Jerseyvland 


50) 23 5 


2 | 


Raritan Rose 


Before June 


iw 


June 30 to July 28 d 8 
July 28 to Aug. 25 ) 8 
Aug. 25 to Sep. 22 0 0 


Based on observation of 350 terminal shoots. 


Based on observation of 400 terminal shoots 


Nn hn s 


ose 


ted 
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gathered from terminals where air turbulence pro- 
vided opportunity for bruising through collisions with 
other branches, and from terminals where opportunity 
for bruising was slight. Whereas the latter were han- 
dled very carefully to prevent bruising, the former 
were handled with less care, allowing further oppor- 
tunity for bruising before inoculation of the buds with 
a conidial suspension. Bruised branches of both varie- 
ties showed canker development 18 days after inocula- 
tion. Neither unbruised bouquet gave evidence of in- 
fection by this time. After 25 days, 10.5 per cent of the 
Sunhigh buds and 5.6 per cent of the Raritan Rose 
buds from bruised branches showed cankers, whereas 
1.2 per cent of the Sunhigh buds and none of the 
Raritan Rose buds from unbruised branches had 
cankers. 

5) Fruit scars.—Orchard investigations have re- 
vealed summer infections as well as those occurring in 
fall and spring. Although there may be some summer 
infection resulting from late shedding of leaf scales, 
an important infection court during this period is 
the fresh fruit scar. Counts made on 200 fruit scars 
in an unsprayed Raritan Rose orchard indicated that 
cankers developed at 6 per cent of the fruit scars after 
both the June drop and the harvest period. Inoculation 
of fresh fruit sears resulted in cankers at 44-55 per 
cent of the scars. whereas uninoculated scars showed 
only 8-12 per cent infection. 

\Vitrogen status of peat h trees. Since considerable 
variation in peach canker severity has been experi- 
enced in orchards having the same peach varieties on 
similar spray schedules. differences in nutrition and 
cultural practices were suspected of influencing in- 
cidencg of the disease. To evaluate nutritional effects, 
2-vear-old Early Elberta trees were grown in sand 
culture on varied nitrogen treatments. A basic nutrient 
solution—containing 15.5 ppm phosphorus, 70 ppm 
potassium, 46 ppm magnesium. 160 ppm calcium, and 
adequate amounts of the minor elements—-was modi- 
hed to provide 3 nitrogen levels: 14 ppm, 56 ppm. and 
112 ppm. In the fall. when the trees were reflecting 
their respective treatments, replicate trees of each 


apt ) Incidence of infection trom inoculations ot trees 
, 
at various stages ot developme nt 


r 


inoculated nodes inoculated 


Tree stag developing bud or shoots developing 
t inoculation basal cankers basal cankers 
Delaved dormant 6.8 2.4 
Vegetative buds just 

showing green 8.0 5 
Buds 15-in. green 12.0 17.2 
Leaves unfurling 22.6 1.0 
Buds 1-3 in. of green 25.3 19.6 
Shoots starting to 

elongate 25.0 13.0 
Shoots 4-6 in long 17.8 1.0 
Shoots 6-5 in ong 27.5 11.0 
Shoots 8-10 in ng 6.7 10.0 
Shoots 8-12 in. long 

maturing 1.9 1.4 

Based on inoculation of 4 2-vear-old trees per treatment. 


FUSICOCCUM CANKER OF PEACH 405 


group were defoliated 18 days, 11 days, and immedi- 
ately before being sprayed with a conidial suspension 
of F. amygdali. After 13 days cankers started to ap- 
pear at the nodes of all trees except those low in nitro- 
gen, which did not show recognizable cankers until the 
29th day after inoculation. As early as 16 days after 
the cankers became visible on these trees, pycnidia and 
oozing tendrils were observed: not until much later 
were tendrils observed on the medium- and high-nitro- 
gen trees. Low nitrogen being related to high carbo- 
hydrate in plant growth, the high sugar content was 
considered responsible for early fruiting in these trees. 
Data in Table 2 indicate a significantly greater per- 
centage of cankered nodes in the high-nitrogen trees 
than in trees of other treatments. 

Histological studies of the leaf scars were made 
daily after defoliation of each nitrogen group. The leaf 
scars were found to vary only slightly in the time re- 
quired for gum and periderm development. All showed 
gum development by the fourth day after defoliation, 
and all showed a complete periderm after 7 days, ex- 
cept those on low nitrogen, which required 10 days 


for full periderm development. 


Control studies.—1) Laboratory tests.—Preliminary 
to orchard tests for canker control, laboratory studies 
were conducted to determine the effectiveness of 
fungicides commonly used for control of peach canker 
(5, 8. 11). Each fungicide was added in varying con- 
centrations to plates of agar media inoculated with 
Fusicoccum mycelium and incubated at 80°F. At a 
concentration of 0.0001 per cent. captan, ferbam, 
dichlone, thiram, ziram, and maneb either entirely pre- 
vented or allowed only slight growth of the fungus. 
Sulfur was non-toxic to mycelial growth of F. amygdali 
it a concentration of 1 per cent, and the coppers and 
Glyodin were intermediate in toxicity. 

Studies were also conducted to determine the effect 
of these fungicides on spore germination. Serial dilu- 
tions were made of each commercial preparation. 
Captan, thiram, Dyrene, and Omadine were extremely 
toxic, permitting no germination of F. amygdali spores 
at a concentration of 0.0000001 per cent. Dichlone, 
lead arsenate, ziram, ferbam, and Agricultural Pura- 
tized were effective at 0.00001 per cent. Bordeaux, 
wettable sulfur, maneb, zineb, Glyodin, mono-calcium 
arsenite, calcium cyanamid, and tank-mixed zineb 
showed relatively little control, and Copper “26” was 
completely ineffective against the organism. As a 
group the carbamates showed greater activity than the 
ethylenebisdithiocarbamates 

This same group of fungicides was applied to freshly 
defoliated greenhouse trees whose leaf scars were ex- 
amined every 2 days for gum and periderm develop- 
ment. Captan and Bordeaux were found to accelerate 
normal periderm development. whereas lime sulfur 
delayed its development Other chemicals, including 
ferbam, tank-mixed zineb. dichlone, calcium cyana- 
mid. Omadine, sulfur. maneb. thiram, and Dyrene, had 
no effect on periderm development. In light of these 


results, materials showing good fungicidal activity 
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without adversely affect eriderm development and at shuck-off. Here again, the increase in number 
would be most acceptable in a control progran of cankers after the December count varied consider- 

2) Orchard trials Although an effective fungicide ably between treatments (Table 7). Again the de- 
is important throughout the growing season, emphasis foliated trees showed the smallest increase in cankers, 
should be given to control measures during the spring Since all trees in both blocks had been pruned of dead 

. early summer, and fall peaks of infection (5, 6,8). In and diseased wood in early spring, these differences 

the fall of 1952-53, control experiments were con are not believed to be due to variation in spore loads 
ducted on 2 blocks of 8-vear-old Jersevland peach in the various trees. 
trees. Block A was sprayed w peed sprayer, and With the hope that foliage removal in early fall 
Blo k B hy h ind Since teat irop I Ne W Jerse 7 €F might reduce the number of applications needed for 
tends from August through November, the sprays were canker control, attempts were made to find a defoliant 
applied at 2-week intervals during this period. Ma- that would remove the foliage in a short time without 
terials effective in the ratory, i.e. carbamates, injuring the bark or retarding periderm development. 
dichlone, and captan, were used iddition to sulfur, In this quest, several defoliants were tested, including 
which is a common pr nh fungicide Canker counts endothal (disodium salt ot }.6-endoxohexahydro- 
were made on 100 sucker t nals taken from the phthalie acid), lime sulfur, liquid dithane (nabam), 
center of 20 trees on Decer f March ] ind at coppel! sulfate solution, zine sulfate solution, calcium 
shuck-off (Table 6 On Dees er 16, cankers were  cyanamid dust, and liquid hydrogen cyanamid applied 
found on all trees, man en present on cur alone and after a lime spray. These chemicals re. 
rent-season twigs at the sta f the test Although moved most of the foliage; severe injury resulted, how- 
there were no significant differs imong the tungi ever, from the use of endothal and copper and zine 
cide treatments. all had fewer cankers than the un sulfates. Only the cyvanamids proved to defoliate 
sprayed trees. Counts made March 17 showed a efficiently without causing bark injurv. Mi roscopie 
considerable increase in the lence of cankers afte studies showed that they did not interfere with peri- 
December. except in the t | zineb treatment, derm development. Calcium ecyanamid dust (40 
which had caused early defoliatior Throughout the lb./acre) removed about 95 per cent of the foliage in 
spring all trees were sprayed at weekly intervals with 6 days, whereas liquid hydrogen cyanamid (2 gal./100 
ferbam (2 |b./100 ga hegi ng at the early pink gal.) following a lime spray gave complete defoliation 
stage and continuing through the blooming period. in 4 days 
Counts made at shuck-off revealed an increase of 12-72 Further orchard experiments were conducted. with 
cankers per 100 termi: the March count. The — the following fungicides: ferbam. thiram, maneb. zineb. 
prematurely defoliated trees again were among those and captan. all at 2 Ib. per 100 gal.: dichlone (1 
developing the fewest canke Since the entire block  Ib./100 gal.) : wettable sulfur (5 Ib./100 gal.) : tank- 
was on a uniform treatment during the spring. differ- mixed zineh (2 qt. nabam + 1 Ib. ZnSO,) ; and Bor- 
ences between treatments n t be attributed to the  deaux mixture (2-6-100). Each fungicide was applied 
fact that some of the le that appeared in the to 20 randomized trees at 10—14-day intervals from 
spring were actually the result of fall infections (8 mid-August until mid-October, at which time 10 trees 
That fall infections may not ike their appearance from each treatment were sprayed with hydrogen 
until the following spring is further illustrated by the  cyanimid (2 gal./100 gal.). Application of the de- 
fact that bouquets gathered the orchard during the — foliant to trees spraved with Bordeaux mixture re- 
late dormant period developed additional cankers when — sulted in complete defoliation within 4 days; whereas, 
they were held in warm temperatures in the green following any of the fungicides not containing lime, it 
house resulted in about 95 per cent defoliation within 4-6 

In Block B. canker count ere made in December days, 5 per cent of the foliage remaining until frost. A 
Tasie 6.—Canker de , Ire i Jersevyland peaches (blo {) given various fungicide treatments" 

No. of cankers/100 terminals 

Material (lb./100 Dec. 16 March 17 Shuck-off Dec. shuck-off March shuck-ofl 
Check, unsprayed 74 115 17 100 59 
Sulfur, 5 | 61 113 92 2 
Ziram (76%), 2 52 18 64 32 lo 
Ferbam (76%), 2 3 13 61 28 18 
Thiram (65%), 2 17 63 75 28 ]2 
Captan (50°), 3 3] 39 51 20 12 
Zineb (65%), 2 7 ay 73 2 16 
Dichlone (50%), 1 > i3 90 29 17 
Nabam (199%) + FeSO, 4 2 gt.-10 o L Ib 29 15 73 +4 28 
Nabam (19%) + ZnSO 2 qt—1 Ib—1 Ib. 7 39 53 16 14 

* Blocks were spraved w | , 2 Ilb./100 ga from pre-bloom to shuck-off, followed by specific fungicides on a 
2-week schedule fr \ ist til completion of leaf drop 


» Based on 20 t1 
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development in an orchard of Jersevland 


peaches (block B) given various fungicide treat 


No. of cankers/100 


terminals 


Dec. y 

Materia it 100 gal.) Dec.9 Shuck-off shuck-off 
Check. unsprayed 141 293 152 
Sulfur, 5 125 249 124 
Ziram (765), 2 22 96 14 
Ferbam (76°), 2 79 107 28 
Thiram (65°), 2 108 140 32 
Captan WO) = 39 73 44 
Zineb (6° ie - 59 Ll] 52 
Dichlone (50%), 1 69 107 18 
Naban 19°) L FeSO, 

lime. 2 qt.-10 oz.—1 Ib. 7 YY 18 
Naban 19%) + ZnSO, 

lime, 2 qt.-1 Ib.-1 Ib. ) 6] 21 

Blocks were sprayed with Ferbam (2 |b./100 gal.) from 
pre bloom to shueck-off, followed by specific tungk ides on a 
2-week schedule from August 13 until completion of seaf 
drop 


Based on 20 trees per treatment. 


dry period from the time of forced defoliation until 
periderm formation in the sears precluded the need for 
further fungicide applications on these trees. 

The trees were examined for cankers the following 
spring at the shuck-split stage. Although there were no 
significant differences among the fungicide treatments, 
their average number of cankers per 10 ft. of twig 
growth was 2.8, compared with 7.7 cankers per 10 ft. 
for the unsprayed trees. A_ significant improvement 
was also exhibited by forced defoliation, wherein the 
use of hydrogen cyanamid resulted in 3.6 cankers for 
every 10 ft. of twig growth, as against 5.9 cankers per 
10 ft. for the non-defoliated trees. Forced defoliation 
is a technique that may prove of value in the control of 
any disease where fresh leaf scars serve as infection 
courts 

In an attempt to control spring and early summer 
infection. 7 rows of Raritan Rose trees were sprayed 
during the advanced delayed dormant stage with a 
mixture of monocalcium arsenite (3 |lb.), Bordeaux 
(4-6-100) and oil (1% pt.) (per 100 gal. of spray). 
By mid-summer, flagging limbs began to appear as a 
result of girdling by basal cankers. Flagging con- 
tinued through the entire fall season, and many of 
the infected limbs died during the ensuing months. 
Counts made in September revealed an average of 56.4 
girdled twigs per tree in the unsprayed portions of the 
block. and 2.4 in sprayed portions. Arsenical injury 
to the 2-year wood was common on the rows sprayed 
with monocalcium arsenite. 


Sprays applied during the early-pink, bloom, and 


FUSICOCCUM CANKER OF PEACH 107 


early-cover periods rarely caused a significant reduc- 
tion in bud cankers. Perhaps this was due to the 
fact that many cankers developing in the spring of the 
year are the result of fall infections. Spring sprays, 


however, occasionally showed control. 


New Jersey Acricutrurat Experiment STATION 
New Brunswick, New Jersey 
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Roses in 120 plots of rieties each were used organic mercury fungicides, of an antibiotic (Acti- 

to determine the effect of dormant-cane spraying, dione), or of monocalcium meta-arsenite was in- 
ground spraying. pruning. and clean culture (weed — effective. Ground spraying with Elgetol and clean 
and rose leaf removal and a sawdust mulch) on the culture also were ineffective. Spider mite popula- 
severity of blackspot caused py Diplocarpon rosde tions were reduced by clean culture, which de- 
Wolf, and of two-spotted spider mites (Tetranychus stroyed thei over-wintering weed hosts. Severely 
telarius (L.)). Pruning ca to within 1-2 in. of | pruned rose plants produced few flowers early in 
the bud union was the most effective. A dormant the season, but as many as the unpruned bushes by 
cane spray application e-sulfur of any of 3 the end of the season. 

Various winter treatment vell as summer pra hepty!)-4.6-dinitrophenyl crotonate and isomers). 
tices have been suggested f control of blackspot 2) 48 plots of vigorous plants that had received 
caused by Diplocarpon rosae Wolf ind of two Ss] otted vood blac kspot control in 1954 and 1955: dusted with 
spider mites (Tetranvchus te is re on outdoor copper-sulfur (3.4 per cent copper from basic copper 
roses. Aronescu (2). Frick ind Wolf (17) con sulfate and 25 per cent sulfur): ferbam-sulfur (7.6 
cluded that, in cold climates. the blackspot fungus per cent ferric dimethyldithiocarbamate and 25 per 
overwinters on fallen leaves and that spring infection cent sulfur): 6 pet cent zineb (zine ethylenebis! dithio- 
takes place largely from sj produced on infected  carbamate|): or 7.6 per cent ferbam dust. 
dead leaves lying on the ground. Alcock (1) was the 3) 24 plots of plants of intermediate vigor that had 
first to suggest that blackspot on the canes would — received fair blackspot control in 1954 and 1955: 
serve as a source of spi nfection. Ewing (4 dusted with 5 per cent captan (V-(trichloromethyl- 
showed that spider mite verwinter on green toliage thio ) -4-evclohexene-1.2-dicarboximide) or 25 per cent 
of weeds and other plants id that clean culture — sulfur 
prevents heavy spring infestation n hops and other Plots in groups 1 and 2 were used for a factorial ex- 
crop plants. These and other reports prompted such periment in which some of the higher order interac- 
suggested treatments as cle ilture (removing old — tions were confounded. Treatment combinations were 
leaves from rose plants and beds and removing weeds) as follows: 
and application of sprays to the dormant canes and to (a) Cane sprays. Dormant rose canes were sprayed 
the soil (3, 4. 5. 9. 12, 13. 15 p. 88-93. 17 with a 12-gallon Myers Silver Prince power sprayer at 

Because of the divergent nions in the references 125-lb. pressure until the spray ran off. Some of the 
cited, and because few experiments had been designed spray material drifted from the plants onto the ground 
to determine the efhieacy of us treatments. tests of or onto the sawdust beneath the plants. An average of 
their effectiveness were ule the winter of 1955-56 Ms gal. of spray material was used for each 144-sq.-ft 
at Beltsville, Maryland plot of 16 plants. Two spray materials were used: A,, 

MATERIALS AND METHODS ed in these tests were 1:8 lime-sulfur and water: and A.. ‘2 Ib. Coromere 
120 rose plots on whi de-miticide-fungicide (10 per cent \V-phenylmercuriethylenediamine} per 
dust combinations had beer mpared in 1954 and 100 gal. of spray solution. The concentration of lime- 
1955 (10. 14). Each plot « sted of 16 plants, in- sulfur is commonly recommended for use on roses 
cluding 5 varieties of rose \fter frost in the fall of (15). and Coromere has shown promise as a dormant 
1955. a muslin barrier 3 ft h was erected around spray for control of scab of almonds (16). A was ap- 
each plot, with walkways between replicates to facili plied February 9, 1956. and A. on February 13 
tate treatment. The plots were divided into 3 groups (b) Ground spray. The soil surface or sawdust and 

1) 48 plots of plants w kened by moderate to fallen leaves were sprayed with 0.5 per cent Eleetol 
severe blackspot infectio 1954 and 1955. During (32 per cent sodium 4,6-dinitro-o-cresoxide on Feb- 
these years the plants in these plots had received no ruary 13, 1956. The force of the spray stream tended 
fungicide or received 3.4 per cent copper (from basi to blow the leaves around. and the spray may have 
copper sulfate) or 1 per ce Karathane ) methyl missed a few. In general. however. coverage was good 

\bout 11% gallons of spray was applied per plot. 

Accepted for pr \ )= c) Heavy pruning. Plants in some plots were 

2 Formerly Pat! ( R econ "a severely pruned to 1—2 inches above the bud union on 
cultural Research Ser S. Depart tof Agriculture February 9, 1956. All prunings were removed from 
Beltsville, Maryland these plots. Plants in other plots were not pruned 

+ Entomologists | Rese 1) \or ae” Pe ; ie j areal 
‘sida Mees 3 ye: Meee ie i until early summer. when all dead wood was prune¢ 
Daleeeitie Worviar out and removed. 
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August. 1958 MCCLELLAN ET AL: BLACKSPOT 


Blackspot ratings on Golden Masterpiece roses 
ne 13, 1956) and spider mite counts (May 28-29, 
1956) on Red Radiance rose leaves following winter 


[ABLE | 


treatments of rose plots 


No. of 


Treatment Blackspot rating spider mites 


Cane spravs 


No fungicide 15.0 299 

Lime-sulfur 10.2 110 

Coromere 9 115 
Ground sprays: 

None 12.7 104 

Elgeto 13.3 3416 
Pruning 

None 25.0 326 

Severe 1.1 124 

LSD | level) 1.7 izZ3* 
Culture 

None 12.9 149 

Clean 13.2 0] 

LSD (1° level) 123 


Average percentage of leaves showing blackspot per 
plot 
Total number oft mites on > fe-in leat disks per plot. 
An LSD is given only where differences between treat 
ments were statistically significant. 


Differences are significant at the 5° level. 


(d) Clean culture. Old foliage was raked up, weeds 
hoed out. and fresh sawdust applied over the entire 
plot to 1956. 
These plots were kept free of weeds and trash until 


a depth of 1-2 inches on February 9, 


June. 

Group-3 plots were used in a 6-replicate experiment 
comparing 4 fungicides as rose cane sprays: 1) Pano- 
cyano(methylmercuri ) 


drench (0.6 per cent guani- 


dine}. 187 ml per 100 gal.; 2) Phix (22 per cent 
phenylmercury acetate), 0.25 Ib. per 100 gal.; 3) 
Acti-dione (3-| 2-(3.5-dimethyl-2-oxocyclohexy] ) -2-hy- 


droxyethyl |glutarimide), 2.5 ppm: and 4) 80 per 
cent mono-calcium meta-arsenite, 3 Ib. per 100° gal. 
Each spray mixture contained 187 ml of Santomerse 
per 100 gal. On March 4, 


thoroughly sprayed until the spray ran off. 


1956. the rose canes were 
The tem 
perature was 60—-65°F and the sun was bright. 

All barriers were left in place until the middle of 
June On June 13 the percentage ol leaves showing 
blackspot on the Golden Masterpiece variety was in 
Blackspot data 


Master piece because 


dependently estimated by 3 observers. 
were obtained only for Golden 
differences in amount of blackspot were greatest in 
this variety. Spider mite populations were sampled on 
May 1956. by 


disks from fully expanded leaves of the Red Radiance 


90 9 
w-29, 


cutting 5 in.-diameter leaf 


plants in each plot and counting the numbers of 
spiders on these disks. 

After blackspot records were obtained in June, all 
plots were sprayed each week during the rest of the 
growing season with a zineb-DDT-lindane combination. 
DDT is 
trichloroethane. the principal constituent of which is 
1.1.1-trichloro-2,2-bis 


lindane is y-1.2 


commercially available dichlorodiphenyl- 


(p-chlorophenyl) ethane; and 


3.4.5.6-hexachloroevclohexane. Systox 


AND SPIDER MITE CONTROL ON ROSE 409 


23, 1956. Left, cane with numerous lesions: 


(containing 25 per cent of a mixture of 0,0-diethyl-S- 
0.0-diethyl-0- 
ethylmercaptoethyl thiophosphate) was added every 


ethylmercaptoethyl thiophosphate and 
weeks for mite control 

Flowers were cut twice each week during the grow- 
ing season and the numbers recorded by plot and 
variety. Records were made for Golden Masterpiece 
and Red Radiance. The other 3 varieties, Chief Seattle, 
Peace, and Christopher Stone, were pulled from the 
plots in June. 

Resutts.—The bla kspot Mas- 


terpiece and the spider mite counts on Red Radiance in 
the factorial experiment (Table 1) show no effect of 


ratings on Golden 


the dormant-cane sprays or of the ground sprays. Cane 
sprays gave a slight, but not significant, reduction in 
blackspot severity, and a slight, but not significant, in- 
crease in mite populations. The annual weeds, par- 
ticularly Erigeron canadensis L. and Stellaria media 
hosts for the 


mites (14). Keeping the plots free of weeds, removing 


(L.) Cyrill.. served as overwintering 


old leaves, and adding a fresh sawdust mulch reduced 
mite populations but not blackspot. Such results con- 
firm the work of Ewing (4). On the other hand, prun- 
ing the roses resulted in increased mite populations, 
probably because the reduced amount of foliage re- 
sulted in concentration of the mites on the remaining 
foliage. Pruning was the only dormant treatment that 
reduced blackspot significantly. It is well known that 


D. rosae commonly overwinters on rose canes (6). 





Blackspot lesions on Show Girl rose canes, April 
right, closeup 
f a single lesion, showing the acervuli (10). 
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Taste 2.-Yield of ve rune gested. These experiments indicate that blackspot can 
(February 9, 19056 P Xe be reduced to a low level and the plants maintained 


heen either 


spot in 1954 a 
{ ' 
Variety and pul 16 
blackspot history | ~ ) 
Red Radiance 
Moderate | 
Py | 
Severe | ) 
P 124 
Colden Masterpiece 
Moderate | 
Py | 
severe | ny é 24 
| 8) 
Lesions such as tho | were imerous 


on the canes of the Golden Masterpiece and the 


Radiance roses in this expe ent Phe xtenc to 
which these overwinterin ( esions serve is a 
source ot intection howevel had not 
been measured previously , roses nearly to 
the ground (within 1—2 in. of the bud union) nearly 
eliminated early blackspot whereas it was 


very severe on unpruned roses 


Since all 4 sprays applied iormant canes in a 
separate experiment were effective in controlling 
blackspot, the data from these plots are not presented 

Flower vield records (Table 2) were obtained to 
determine whether severely plants would de 
velop with relatively little blackspot and eventually 


outproduce unpruned, severely diseased plants. Plants 


with severe blackspot in one year have been shown to 


flowers at the beginning of the next 


plants (1] In 


these tests, unpruned bushes of both varieties produced 


produce tewe! 


season than do moderately diseased 


more flowers early in the season, but no more than the 
pruned bushes during the last of the season 
DISCUSSION, The data presented do not show any 
control of blackspot by clean culture or dormant 
sprays, but they do raise a number of questions about 
the value of pruning We show previously (11). and 
Lyle (8) reported that contro n one year delaved 


and decreased the incidence of blackspot the next 
Lyle (7) also delayed ) f blackspot during 
rose propagation by delaying re wal of the tops of 
resistant understocks until early April and pruning 
back all prematurely formed to less than Ms in 


He stated that this delay lessened the ount of fung! 


cidal treatment needed. Results of the current experi 


ment indicate that, under conditions at Beltsville, cane 
lesions are primarily responsible for early blackspot 
development; this finding suggests that more attention 


should be given to reduc ng the number ot cane lesions 


Our experiments showed that severe pruning will re 


duce early blackspot, but not whether moderate or nor- 


mal pruning will be effect Massey (13) sug 


relatively disease-free by severe pruning followed by 
Further ex- 
late- 


fall sprays on cane infection and on subsequent black- 


a good fungicidal spray or dust program. 


periments are needed to determine the effect of 
spot development, the effect of normal pruning on black- 
spot development, the effect of a spray program begun 
soon after pruning, and whether the addition of wet- 


ling agents to cane sprays to facilitate penetration ot 


the cane lesions by the fungicides would be beneficial. 
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FACTORS AFFECTING THE VIRUS CONTENT 


OF CHEYENNE WHEAT 


INFECTED BY WHEAT STREAK MOSAK 


Ernst Haunold - 


SUMMARY 


The concentration of wheat streak mosaic virus in 
extracts of diseased wheat seedlings, grown under 
different environmental conditions, was determined 
The time required for the 


virus to reach maximum concentration decreased 


by infectivity assays. 


with an increase in temperature, being 10 days for 
94°C or above. and 20 days for 20°C: at 12°C the 


virus concentration remained low for 30 days. Day 


length and light intensity had no perceptible effect 
Concentrations of 630 and 1050 
ppm of nitrogen in nutrient vielded more virus 10 


on virus content, 


days after inoculation than did 70 ppm; phosphorus 
levels of 547 ppm produced more virus than did 
237 and 10 ppm. Differences in virus concentration 
decreased at longer times. Potassium did not per- 
ceptibly influence virus content. 





The importance of environment on the virus content 
of infected plants is becoming increasingly evident. 
Much literature exists on virus multiplication in sev- 
eral rather important economic plants, especially 
tobacco, potato, and some vegetables, but nothing has 
Wheat streak mosaic virus 


was reported to occur in relatively low concentrations 


been reported on grasses 


in host plant juice (4) and to show a great deal of 


instability when purified (2). For that reason, virus 


assays in the present work are based on infectivity 
data of the expressed plant juice. This is a study of 
the effect of environment on virus concentration in 
plants infected with wheat streak mosaic. 

MATERIALS AND METHODs.—The host plants used in 
this work were young Chevenne winter wheat seedlings 
in the third-leaf stage. The plants were grown in com- 
posted soil in 4-in. pots in a greenhouse at 24 + 2.5°C. 
The inoculum was a yellow-mottling strain of wheat 
streak mosaic virus. 

Temperature studies were carried out at 12, 20, 24, 
28. 30. and 32°C in thermostatically controlled cham- 
bers in the greenhouse. Temperature variation was 
+1.5. but 


+4°C. 
There were 18 pots of 10 plants each in each chamber. 


ordinarily sometimes as high as 
One half of the seedlings were inoculated with the 
Plants 
were placed in the chambers the day after inoculation. 


virus, and the other half with tap water only. 


These experiments were carried out in January—July 
and September—October, 1956. 

Light-intensity and day-length studies were carried 
out in controlled chambers where the temperature was 
regulated at 24 + 1°C. 
light intensity (2000 foot candles) and day lengths of 


Two chambers received high 


24 and 16 hours, respectively. In 2 other chambers 
the light intensity was 620 foot candles, with the same 
day lengths. The light 


light tubes (30 W). 


was supplied by fluorescent 
The number of plants in each 
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chamber and the treatment of seedlings until placed in 
the chambers were as in the temperature studies. The 
experiments were conducted in June-July, 1956, and 
March—April, 1957. 

The effect of host nutrition on virus accumulation 
was studied from September, 1956, to May, 1957. The 
wheat was grown in sand that had been washed with 
acid and water and placed in 5-in. pots coated inside 
On emergence, the seedlings 
(1H) 
Each pot 


with an asphalt paint. 


were supplied a balanced nutrient solution 
formulated by Hoagland and Snyder (7). 
received 100 ml of nutrient solution every other day. 
When necessary, distilled water was added between 
The nutrient solutions were applied when 


the plants had reached the third-leaf stage. For 3 


feedings. 


days before the change in nutrient solution, the plants 
were flooded periodically with distilled water to wash 
out any traces of the previous nutrient solution. The 
plants were inoculated 1 day after the specific solu- 
The composition of the specific 
solutions, containing different amounts of N, P, and 
Kk. was taken from Cheo, Pound, and Weathers (3). 
The solutions were adjusted to pH 6.0, except for the 


tions were applied. 


phosphorus solutions (kept at pH 5.5). There were 
12 pots of 20 plants each for each solution studied. 

All plants were inoculated by leaf rubbing with a 
cheesecloth pad in the third-leaf stage after dusting 
with 600-mesh carborundum. The inoculum was sap 
expressed from 10 g of infected tissue to which had 
been added 10 ml of buffer, pH 6.2, prepared from 
0.2M disodiumphosphate and 0.1M citric acid. 

One third of the plants were cut at the soil level 
and weighed 10, 20, and 30 days after inoculation. 
lhe diseased plants were assayed for virus infectivity. 
len g of tissue, cut into small pieces with scissors, was 
selected randomly for inoculum, prepared as described 
above. After the original dilutions with buffer, the 
virus preparations were diluted with distilled water 
and inoculated in the following concentrations: un- 
diluted, 1:10, 1:100, 1:1000, and 1:10,000. The per- 
centage of infected plants was recorded after 15 days. 
The infectivity data were evaluated according to the 
method of Plus (9) and Brakke (1). 

100 


infected plants 


The loglog 


was plotted against the logarithm 
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$12 PHY 
Paste 1.-Formula for the trient 
\ 

Nit 
Salt tie 630 O50 
Ca(NO,) 4H.0 1.00 1.00 
KNO 0) 250 
NaNO f Ot 
NH.NO 00 
KCl 
KH.PO { () 1.00 
MgSO,7H.O 0 On 1.00 
CaCl,2H.0 
NaH.PO, H.O 
NaCl ) (i) in) 
of dilution. and the best straight line with slope | 
was drawn through the point Phe distance between 
two lines gives the logarithm of the ratio of virus con 
centration in 2 extract varison, all inocula 
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Fic. ] 
centration of wheat streak Os rus in plants. Dilu 
of virus preparations that wi ‘ nie 
of the inoculated pliant 


Effect ot w . a te perature on virus cc 


Vol. 48 


ution (cc) per liter of final solution to get 


concentration (ppm) of 


Phosphorus Potassium 


10 237 y47 78 130 704 
b.00 L.O0 b.00 4.00 b.OO 4.00 
2.90 2.50 2.50 2.50 2.50 
0.83 
(0.22 0.67 2.00 LO 
0.33 1.00 1.00 1K 
1.00 1.00 1.00 1.00 1.00 1.00 
dd 8.335 0.50 O50 
6.09 1.00 1.00 9.99 1.79 559 


were referred to that dilution where 63 per cent of 


the assay plants would become infected. Comparison 
of these values with those calculated by the maximum 
likelihood indicated that 
the present values would very seldom have a maximum 


Most of the 


present assays appeared to give a satisfactory fit to a 


method for sample assays, 


error greater than +0.3 log unit (1). 


straight line with slope —1 when plotted in the above 
possible additional error of un- 


different 


manner. There ts 

known value in comparing assays made at 

times 
Resuits.—Effect of content 


and plant growth, At 10, 20. and 30 days after inocu- 


temperature on Utirus 


lation, respectively. virus concentration in extracts of 
plants grown at 28 C was 3.15 + 0.6 log units, 2.75 + 
0.6 log units. and 1.8 + 0.6 log units higher than that 
12°C (Fig. 1). 
at 28°C; infected plants grew less 


in plants grown at Plant growth was 
12°C. than 
than the respective checks. 
20. 24. 28. 30. and 32°C showed that the virus multi 
plied rapidly at 20°C and above. At 24, 28, and 30°C 
the virus reached its peak after the first 10 days. At 
88°C and 


toward the end of the experiment. 


less at 
Subsequent experiments at 


level was ob- 
at 32%. 
many of the test plants died because of excessive heat, 


hut the 


above. a decrease in virus 


served 


survivors had a fairly high virus content at 10 


days. when the experiment was discontinued. Since 


these last experiments were not run simultaneously, 


the accuracy of the comparisons is uncertain 

Another series of experiments was conducted simul- 
at 20. 24, and 28°C (Fig. 2, A), 
be the 


taneously which ap- 


peared from the above results to most promis- 


\ssay for virus content was restricted to 
seedlings. At the 


end of the experiment (30 days). the young leaves and 


ing range. 
the 2 o1 > voungest leaves of the 
parts were separately assayed. 


the remaining plant 


Similar virus concentrations were reached in all the 
young leaves of the plants, irrespective of tempera- 


ture. Maximum virus concentrations were attained 
after the first 10 days. and remained the same until the 
experiment was terminated. Thirty days after inocula- 
tion, the stems and old leaves of plants at 20°C con- 


tained 0.9 + 0.6 log units more virus than those at 


98°C: virus content at 24°C was intermediate (Fig. 2, 
}. Plant growth was best at 20°C. and decreased 


48 


(O4 


4.00 


=n 
2.00 


LO 
1.00 
1.00 


son 
um 
hat 
um 
the 


pve 
un- 
ent 


ent 
cu- 
ot 
hat 


vds 


nd 


ed. 


August. 


with increasing temperature. Infected plants made 
less growth than the respective checks. 

Efiect of photoperiod and light intensity on virus 
concentration and plant growth.—Neither day length 
nor light intensity significantly influenced the virus 
content of the plants. 
was reached at 10 days. and remained at that level 


Maximum virus concentration 


throughout the course of the experiments. Plant growth 
was greatest at greatest light intensity and longest 
photoperiod. 

Effect of host nutrition on virus content and growth 
of the plants——1) Nitrogen.—The concentrations of 
nitrogen used in each of 2 experiments were 70, 630, 
and 1050 ppm. In experiment 1, plants at the low 
nitrogen level contained 0.8 + 0.6 log units less virus 
10 days after inoculation than those at the 2 higher 
he difference became 1.1 
At the end of the experi- 


nitrogen levels (Fig. 2, B). 
+ 0.6 log units by 20 days. 
ment (30 days) a difference (0.6 + 0.6 log units) in 
virus content existed only between plants at the 
lowest and highest nitrogen levels. In experiment 2, 
the measured differences were less pronounced (Fig 
2B). The discrepancy may partly reflect an inac- 
curacy of assay. Plant growth was correlated with the 
amount of nitrogen supplied, and the infected plants 
grew less than the checks. 

2) Phosphorus. Phosphorus solutions were used 
at 10. 237. and 547 ppm in 2 experiments. Plants at 


547 ppm contained 0.73 + 0.6 log units (average of 2 


) 


experiments) more virus than those at 10 or 237 ppm. 
Assays at 10, 20, and 30 days showed little difference. 
The growth of healthy plants was only slightly influ 
enced by amount of phosphorus. In both experiments, 


infected plants grew best in the order 237, 10. and 


347 ppm. 
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3) Potassium.—The 3 levels of potassium used in 
the 2 experiments were 78, 430, and 704 ppm. Amount 
and time had little influence on virus content or 
growth. Infected plants showed less growth than the 
checks 

Discussion.—-The data suggest that no specific tem- 
perature is necessary for wheat streak mosaic virus to 
reach maximum concentration in the host, but tem- 
perature will affect the time required. According to 
Sill (11), symptoms of wheat streak mosaic virus de- 
veloped in 5, 7, 9, and 15 days at temperatures of 28, 
24, 20, and 16°C, respectively. Severest symptoms ap- 
peared first at 28°, but shifted to 24°, then to 20°, and 
in 2 months to 16°C. In the present experiments the 
lowest virus concentration existed in the plants at 
12°C. The rapid attainment of maximum virus content 
at higher temperatures may have resulted from a great- 
er multiplication rate of virus at the higher tempera- 
tures and, possibly, a better translocation of the virus 
throughout the host, resulting in infection of an in- 
creased number of cells, which in turn would pro- 
duce more virus. The lower virus content toward the 
end of the experiment at the higher temperatures of 
28°C and above was probably an aging effect. Plants 
age faster at higher than at lower temperatures; more 
fibrous tissues are present, which makes virus extrac- 
tion more difficult. The metabolic changes in an 
aging plant cell may induce a degradation of the 
virus. In addition, high temperatures may cause a 
breakdown of the proteins, as described by Harrison 
(5) and Kassanis (8). 

High concentrations of nitrogen (630 and 1050 ppm) 
and phosphorus (547 ppm) gave the greatest virus 
vields at 10 days after inoculation. It was assumed 
that virus synthesis occurs most rapidly in plant cells 
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(1) LOG DILUTION TO CAUSE 63% INFECTION OF INOCULATED PLANTS 
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(4) VIRUS CONTENT OF THE PLANTS AT 1050 ppm N NOT DETERMINED 





Fic. 2. Virus infectivity assays of wheat-streak-mosaic-infected Cheyenne wheat. A) At different temperatures. B) At 


different nitrogen levels. 
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that have a high meta ( \ 1 result 
ous food supply Bot pl [ rus and nitrogen are 
essential parts of the lex, and their ready 
availability may ficanes vil 
synthesis The lowe entration LU day iiter 
inoculation in pl infs rece ess nitrogen or phos 
phorus may have bet » lower availability of 
metabolic products. A gra rease in virus led to 
almost the same co entrat t 20 and 30 days after 
inoculation as in pl ts ft ece ed ample amounts 
of nutrients. The trient ntratiol supplied 
the host were not s« ry top plant rowt 
Virus production in relat ) nitrogen supply has 
been reported either to be correlated th ) rowth 
(3. 10) or to increase | ) ! ft nitroge! sup 
RA 
l. Brakke, M. K ) | é ssa nd purification 
of wheat st *hytopathol 18 : 
139-415 
2, Burcer. W. ¢ O5¢ ? ind sta { f the 
vellow streak } ' P} tana 
16: 236-2 
> CHEO, } a SS P | ( WeEATH LYon2 
The relatior I I » the I tration 
of cucumber t rt topat ’ 12: 
57 7-38 1. 
1. Gorn, A. H., B. R. H . W. Oswanp. 1953 
Klectron microscoy f ed particle issociate 
with wheat stre p? +} 13: 
159 
» Harrison. B. D. 1956. & 
ature on vil 
Ann. Appl. Biol. 44: 
6. Hetms, KATIE, A G. s. F 95 1] 
in relation t ol t potat rus \ and 
tobacce ri I ! 15 yf 
iv 


ADDITIONAL STUDIES ON THI 


plied even when the plants became stunted (6, 12), 
In the present studies the plants grew best at 630 and 
1050 ppm, when virus yields were also greatest. And 
at the highest phosphorus level also, virus yields were 
greatest. The results are in general agreement with 
those of other workers (3, 10). who reported highest 
virus yields at highest phosphorus levels even though 
plant growth was decreased. The findings of the pres- 
ent investigations differ in 1 respect: highest virus 
vields were regularly obtained only after the first 10 
days. A significant importance of potassium on virus 


vield has not been reported so far (3. 10, 12) 
DEPARTMENT OF PLANT PATHOLOGY 
AGRICULTURAL EXPERIMENT STATION 
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Effects of various temperatures 


INHERITANCE OF RESISTANCE TO 


FROG-EYE LEAF SPOT OF SOYBEANS ! 


\. H. Probst and 


Kirk L. Athow 





SUMMARY 
R » to frog- fsnot in the sovb stant gene 1; he inherit f 
resistance to ( p t oybean on resistant genes to condition the inheritance 0 
varieties Lincol \ ind experimental the intermediate reaction of the varieties Perry and 
strain C1076 was { mtrolled by the same Chief. It could not be determined from these studies 
gene. whether there was an intermediate gene or a modi- 
There was no ¢ | noditvil factors act fieation of the gene for susce ptibility. 
Resistance of soybe eaf ot incited Probst? to be due to a single dominant Mendelian 
by Cercospora sojina Hara was reported by Athow and — factor. They found Lincoln and Wabash varieties re- 
sistant: Gibson, Patoka, and Hawkeye highly suscepti- 
Ae ted for 1 ) t \ , 
le ; ble ind Chief and Perry somewhat less susceptible 
Contribution trom tl 1) { Agronomy a the are aye 
Department of Bota ' P Por | (intermediate). The difference between the highly sus- 
sity Agricultural Exps s Lafavette. Indiana ceptible and intermediate varieties was in number of 
and U. S. Regional Soy I tory, Crop Research Di lesions per plant rather than size of lesion or abun- 
vision, Agricultural Resear ‘ lL. S. Depart t of 
Agriculture, Jour Pa \ Purdue | ersity Athow, Kirk, and A. H. Probst. 1952. The inheritance 
Agricultural Experiment 5 Journal Paper N of resistance to frog-eve leaf spot of soybeans. Phyto- 
U. S. Regional Si I pathology 42: 660-662. 
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TABLI ] Segregation for reaction to Cercospora so ina in 


Reaction class and parentage ota 


Resistant Resistant 


Illini & C1076 15! 
Wabash Lincoln 217 
Wabash Ilin 106 
Wabash C1076 184 
Total 755 
Resistant Susceptible 
Gibson C1079 1g 
Gibson Hlini 1906 
Gibson x Wabash 169 
Hawkeve C1076 140 
Illini : Hawke ve )] 
Wabash Hawkeve 299 
Total 1126 


Resistant Intermediate 


Perry & Illini 16 
Wabash Chiet 22] 
Wabash Perry 


Total 69 
Intermed ile ntermediate 
Perry Chiet 258 
Susceptible Intermediate 
Chief HH iwkeve 989 
Gibson Perry 113 
Perry Hawkeve 194 
Total 919 
Susceptible Susceptible 
Gibson Hawkeve IB 


dance of sporulation. Resistant varieties had only oc- 
casional spots, and these were usually small and non- 
sporulating.- 

The present studies were made to determine 1) if 
resistance in different varieties is conditioned by the 
same gene, and 2) if modifying factors are involved in 
the intermediate reaction 
{resistant} 


Wabash 


Lincoln (resistant) crosses were made in 1952: and 


MATERIALS AND METHODS. 


various crosses were made in 1952 and 1953 between 
C1076 and C1079 (sister lines of experimental 
Wabash. and Illini (resistant); Perry and 
Chief (intermediate): 

ceptible The F. plants were grown at Worthington, 
Indiana, in 1954 and 1955. A selected number of F 


strains). 


and Hawkeye and Gibson (sus 


plants of each reaction type were advanced to fk 


plant rows to verify the I » segregation Twenty to 
25 seeds were planted in each F. plant row 

The susceptible variety Hawkeye was planted in 
rows adjacent to the F, and F Parent 


varieties were included in the tests. All plants were 


populations 


inoculated artificially 3 times at 2-week intervals each 
vear. Only moderate infection resulted and it was im- 


possible to distinguish between intermediate and highly 


RESISTANCE TO 


Number of F, plants 


FROG-EYE LEAF SPOT OF SOYBEANS 415 


the I population of 18 soybean crosses 


Resistant Susceptible 2 Pp 
158 ( 
217 0) 
196 0 
134 0 
) {) 
139 2.43 20-10 
147 19 0.00 9g9 
13] 8 0.57 50.30 
100 0) 0.95 0.30 
149 52 0.08 80-70 
164 58 0.15 70-50 
830 296 1.00 30 
237 79 0.00 99 
214 67 0.20 70-50 
) 7 1.12 10-20 
oO b3 O59 0-30 
0 258 
() 28) 
0 Ho 
( 194 
0 919 
i) ith? 


susceptible parents and segregates. Therefore. segre- 
gates were classified only as resistant o1 susceptible. 

EXPERIMENTAL RESULTS.-F, segregation of all 
crosses is shown in Table 1. Since the chi-square test 
indicated no significant difference between the pro- 
genies of each F, plant within crosses, the data for 
each cross are combined. Breeding behavior of Fa. 
progenies are shown in Table 2. The progenies from 
each cross within a reaction class behaved similarly, so 
the data for each reaction class are combined 

All F. progenies of resistant resistant crosses 
were resistant and bred true resistant in Fe, indicating 
that resistance in these varieties is controlled by the 
“altit cene 

\ satisfactory fit to a 3:1 ratio was obtained in the 
F., progenies of each resistant susceptible and re 
sistant 
sistant F. 
heterozygous resistant for each cross. 
of all susceptible k 


sus¢ eptible. 


intermediate cross. The progenies of all re- 
plants were in a ratio of 1 homozygous to 2 
The progenies 
plants tested were homozygous 
In the intermediate intermediate, susceptible 
intermediate, and susceptible susceptible crosses, all 
the F. progenies were susceptible and all progenies of 


F’. plants tested were homozygous susceptible 
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TABLE ra Breed ng f f [ progentes V0eal rosses in 0 reaction classes to Cercospora sojina 
Number of | Reaction to Behavior of 1:2 ratio 
Reaction class plants tested ( ercospora In I k progenies y- P i 
Resistant Re i Resistant All resistant 
Resistant Suscept y Susceptible All susceptible 
Resistant 33 resistant 
90 segregating Lo4 s0— 7 
Resistant Inter it 19 Susceptible All susceptible 
Resistant 15 resistant 
1) segregating 0.00 9 
Intermediate Inter t ; Susceptibl All susceptible 
Susceptible Inte I ' Susceptible All susceptible 
Susceptible Suscept Susceptible Al] susceptible 
rhe breeding pena 7 ) esistant intermediate this study. it could not be determined whether there 
and intermediate nter ite crosses indicates that was an intermediate vene at this locus or a modifica- 
the intermediate susceptibility of Chief and Perry is tion of the gene for susceptibility. 
not conditioned by mod ing tactors acting on resist 
é genes. Because of the bility to differentiate be 
ant’ ge ; , nev Perpue AGRICULTURAL EXPERIMENT STATION 
tween intermediate hig isceptible reactions in LAFAYETTE, INDIANA 


DISSEMINATION OF VENTURIA INAEOQUALIS ASCOSPORES ! 
P.M. Miller and P. E. Waggoner 


st VIMARY 





When an extended rain began, the first maximum — were air-borne during fair days at the height of the 
for air-borne ascospore f Venturia inaequalis discharge season. The date of the first discharge 
(Cke.) Wint. was followed by a second maximum was primarily affected by the winter weather. with 
in 9-14 hours. 17 ippeal of ascospores in the some influence by spring weather. An estimate was 
air ceased while oul ; of the spores still re made from climatological data of the probabilities 
mained in the as ndoubtedly through an observed that a given stage of tree growth will be found by 
weakening of the discharge force Some ascospores the first ascospores, 

Apple scab and it Lusa ent, Venturia inaequalis — the soil. A centrifugal fan drew air into the trap. The 
(Cke.) Wint., hay 1 for many years by trap was operated from April 1 to June 4 (except 
workers wherever appl ro Several workers (1 \pril 6-7) in 1956. among 28 Melntosh apple trees 
9) studied the discharge 1 dissemination of J that were 35 years old and 20 ft. tall and had been 
inaequalis ascospore K pos coated glass slides heavily infected in 1955. In 1957 the trap was operated 
among apple trees or o e leaves on the ground from April 1 to June 14 (except May 15-17) among 4 
Others (6, 11) drew spor to a trap in a stream of — similar MeIntosh trees that had been heavily infected 
air, thus increasing the eff icy of trappin Despite in 1956. An hourly record of ascospore concentration 
certain deficiencies in thes ethods, the major tea in the air was obtained during these 2 seasons. 
tures of the dis irae I ! f ition of cospores The 2 seasons were markedly different in tempera- 
of FV. inaequalis i en w lelineate tures. Fig. 4 gives the temperature course during the 

When an efficient etric spore trap became cold spring of 1956 and the warmer spring of 1957. 
available (4). we began a re-examination of the factors The points are the weekly mean temperatures for Mt. 
affecting the dischat ;4 gualis ascospores in’ Carmel, the site of the trapping. A more informative 
the northeastern United St \ preliminary report view of the variation between the seasons is provided 
has been presented (8 Hin ») recently employed = by Table 1. which gives the frequency of occurrence 
the same trap in a 2-ye ly of J naequalis in of months colder than the cold months or warmer than 
England the warm months. For example, March—-May 1956 was 

cold, only 3-12 per cent of these months in other years 

MATERIALS AND METHODS nethod of spore being colder. These frequencies are based on 30 years 
trap operation and the count of spores have been of data for Storrs, Connecticut: the monthly means 
described (4). The orifice the trap was 19 in. above were found to be normally distributed. their variances 


were calculated and the normal (Gaussian) curve used 


1 Accepted for pul stion March 10. 1958 to estimate frequencies. 
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warm months or colder than the cold months of 1955- 


56 and 1956-57 
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Oct. 1956— May 1957 
99% of the Octobers are 
warmer 
30% of the Novembers are 
warmer! 

16% of the Decembers are 
warmer 

5% of the J anuaries are 
colder 

8% of the Februaries are 
warmer 

27% of the Marches are 
warmer 

21% of the Aprils are warm 
er 

50% of the Mavs are warm- 
er 

1) years at Storrs, Con- 

Mt. Carmel, Connecti 
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VENTURIA INAEQUALIS 


the first ascosporic discharge of 1957 started at 4 p.m. 


on April 25—or |] year later, less only 13 hours. 
The highest concentration of ascospores per m® of 

air during each major period of discharge is shown in 

Fig. 1-2 (so-called “fair weather discharges,” dis- 


In 


steadily 


1956 this maximum 
the first 
discharge to a maximum concentration of 21,600 asco- 


May 12. 


3 it was only 200 spores per m* 


cussed below. are not shown). 


concentration per period rose from 


spores per m*, on and thereafter decreased: 


even though 
48 hours. In 


1957 there were fewer discharge periods, because of 


on June 2 


the overwintered leaves were wet over 


fewer wetting periods. Because of a spore trap failure, 
we obtained no data during the wetting period of May 
15-17. 


of maximum rate of discharge. 


In 1956 these dates had been near the period 
The counts obtained in 


1957 for discharges before and after May 15-17 fol- 
lowed essentially the same pattern as in 1956 
Discharge started within an hour after the start 


\ second peak of 
discharge occurred several hours after the first peak if 
10 Fig. 3 e 


shows 2 
examples ot these double peaks ot ascospore concen- 


of rain, regardless of temperature. 


rain continued more than hours. 











- 
aoot 
. 
+ 
< 
4 I rn 4 —w | 
. S 5 5 $ s . . . 
are ’ s maeecet 
a 
re 
if 
‘ a 
1 
t, ‘ nt 
. me ¥ ‘ 
~ A i 
« X74 \ 2 
- 1 ' ’ 
: ma aa ‘ 
> e 
a ~* \/ 4 
x * 
4 ws . 
' 
4 ‘ 
. ‘ 
‘ ! 
Pd e ‘ta 
7 nA i 4 
. 4 ‘ 
‘ 
? a Se tw ' 
S a 
~ ‘ 
eI 
‘ 
a" £ Nee ee ee ae a 
- Fi 5 * | . 
wouwtr 
} | lisc} 
ospores obtained during each major period of discharge in 
Fig. 2. Concentrations of ascospores in 1957, obtained as 
ration during a rain when the trap was not operating Fig 
ils before and after the start of 2 rains in 1956.--Fig. 4 
ished line) and in 1956-57 (solid line) 
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tration during 2 discharge cyel n 1956. This phe bloom of 1956 and the constancy of the time of first 
nomenon was frequent 956 well as in 195 ascospore discharge. Precipitation was—as usual in 
when discharge was less abunda the Northeast—adequate to saturate the fallen leaves 
The trap was not operated alte! June L. 196 ¢ during the winter. In both seasons. snow covered the 
cause low spore counts during the previous 3-day wet leaves most of the period January 1—February 15; in 
ting period indicated tha ospore discharge is at 1956 snow cover was frequent until mid-April. Thus 
an end. In 1957 the tra s operate intil June 14 precipitation and snow cover were similar enough not 
to observe anv linger cospore Since no wetting to change the date of first discharge (10). 
period had occurred in the eceding week, all are Explanation of the contrasting behavior ef fungus 
within 40 ft. of the trap we vaked for 5 hours with and host must lie in the temperature (Table 1 and 
l in. of water/hour \ ) re was !f nad kig. 4). Wilson (10) has said that maturation of the 
on the. slide ind operatio f the tra was d perithecia of V. inaequalis is affected by conditions 
tinued. throughout its saprophytic life, even in winter. In fact, 
Periodic examinatior t the it elopment of the the total periods of cold and warm weather in the 
fungus in the overwinterir eave was made after autumns and winters of 1955-56 and 1956-57 were not 
April 1. The asei and as yere mature only a ereatly different. Evidently, the cold weather in the 
short time before the date of the initial discharge. I spring of 1956 arrived too late to alter greatly the 
M. Stoddard called o ention to the discontinuous ripening of the asci. Hence, given rain at nearly the 
nature of the dischar rf spores from perithecia same time in the 2 years, the first discharge occurred 
as shown in water o1 le he repeated puffs un at nearly the same time. These observations suggest 
doubtedly were caused ep-wise maturation of asci that spring temperatures are relatively unimportant in 
The perithecia still contained 25-35 per cent of their discharge but have greater importance in infection, 
ascospores at the begin i the wetting period of The synchronous discharge observed in the 2 years 
June 1-3, 1956, Yet very few pore were caught dur was doubtless by chance. for variation has been ob- 
ing this period in t iM tt ¢ served (1. 6,9, 11). The variation has been attributed 
Ascospores mere! oozed ere ejected weakly to alternate wetting and drying of fallen leaves (6) as 
Irom the asei into wate lide, contrasting well as to temperature. If both factors are important, 
with the typically , ! harp ejection ob then variation in the northeastern United States should 
served during the eat i die portions of the d be less than in some other regions, because our rela- 
charge seasot tively low temperatures and adequate precipitation in 
Although rain alwa inted the eavy dis fall and winter generally produce a saturated litter on 
charges. very light Is irges of less than the soil. Thus, one variable is removed in that region. 
150 ase ok give pee sam — Bradford (2) has attributed variation in the time of 
— I oe rs ) Boaese ong , 1 blooming to variations in “degree-days.” These de- 
ry tens nina feos gree-days were calculated by subtracting 43°F from 
1-3 hours. followed night vith relative humidity above , 2 
Nae ae ae rail ei oe a each daily maximum temperature, omitting negative 
values, and summing the positive values from March 
discharge season, when th rithecia would have a 15 to date of full bloom. In fact, this sum was 706k 
OAHU content ol : sateen sdgteliaa ‘ rau davs in 1956 and 72 sk -days in 1957. very close agree- 
weather discharge of May 19, 1956, at 5-11 a.m.. was 


an exception 


A difference between the stage f development of the 
fruit buds in 1956 and 195 evident at the time of 
initial ascospore lischarge 1956. early delaved 
dormant (with full | Mav 19 n 1957. pre 


pink (full bloom on Ma 


DISCUSSION kar lo not make a_ better 
craftsman. and the se of re refined spore trap 
than that of Childs ; r Keitt and Jones (6) did 
not provide data that woul tifv challengin then 
findings. Our results also m very closely with 
those of Schneiderhan and | e (9 ind Wilson 
(10). The contributio rf r study are the observa 
tion of repeated max , iir-borne during a 
single storm. observat her’ d irges 
and the showing of exhan the discharge me h. 
anism before exhaustion of the spore supply 

Environmental f tors res te the maturatior ot 
the 2 organisms, fun - tree Weather records 


were examined tor an ex} n of the relatively late 


ment with Bradford's hypothesis. Thus, late blooming 
in 1956 was due to cold spring temperatures in 1956 
(Table 1). The small difference could be due to the 
delaying of the 1957 bloom by the cold spring of 1956, 
as suggested by Lake (7). or to the choice of begin- 
ning or ending date for calculating F°-days 

We can make for the northeastern United States an 
estimate of the probability that a given stage of tree 
growth will be found by the first ascospores The au- 
tumn and winter temperatures. viewed as a_ whole, 
were near normal in 1956 and 1957, cold spells can- 


celing out warm ones. Therefore. about half of the 


autumn-winter seasons can be expected to resemble 
1956 and 1957 closely: 


lischarge will be within, say, 5 days of April 25 half of 


consequently, the first spore 


the time. On the other hand, weather as cold as 
March-April, 1956, will occur less than 10 per cent of 
the time: consequently, blooming as late as May 19 
will occur less than one fourth of the time. Therefore, 
hlooming must occur between May 1 and 19 about 7 
out of 10 years. The events of discharge and blooming 


evidently being independent, one can estimate from 
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the above limits the joint probabilities of 2 simultane- 
ous events. For example, first discharge and full bloom 
will both occur in the first 10 days of May some 5~10 
pel cent of the time. 

Inability to trap spores in late spring has long been 
known and attributed to the depletion of the contents 
of the perithecia. The weak expulsion of the spores in 
June. although one fourth remained in the asci, leads 
to a new interpretation. The lack of air-borne asco- 
spores must he due not to depletion ot tne supply, 


but rather to poor discharge that was too weak to get 


the ascospores air-borne. 

[he fair weather discharges found in these studies 
are of doubtful importance to a fruit grower who fol- 
lows a protective spray program. They might become 
an important factor it he applies only eradicant sprays 


n this system he 


on the tree after infection periods: 
would not spray to kill the spores discharged in fair 
weather. Ascospores germinated well even after 6 
days’ exposure to full sunlight on the upper surfaces of 


leaves of potted plants in a greenhouse (6). There- 


fore, ascospores discharged in early afternoon should 
be able to survive until darkness. when they might 


germinate in the dew and infect the host. Since these 


discharges were very light, they are important. not 
hecause they produce extensive infections but because 
the infections can serve as sources of conidia for sec- 
ondary infections after the supply of ascospores is de 
pleted. 


dicated in data of Childs (3) as occurring on a clear 


(nother possible fair-weather discharge is in 


day preceded and followed by 2 clear days. just prior 
to the maximum discharges of the season. 

Hirst (5) never observed 2 discharge peaks within 
24 hours. Several times in 1956 and 1957 more than 
| peak of discharge within 24 hours and even within 
12 hours (Fig. 3) was observed at Mt. Carmel. The 
first peak of discharge is the spores matured before 


s| he succet ding peaks 


the start of the wetting period 
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arise from step-wise maturation of asci or spores such 


as observed with the microscope. 
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Vernon G. Perry * 
SUMMARY 
itodes, Aiphinema progress to an eventual blackening of the entire 
ire found associated root system. It is suggested that other organisms 
Wisconsin, A. ameri follow the nematodes and bring about eventual de- 
found on several crop — struction of the roots. Strawberry plants inoculated 
is been found in | with either species of dagget nematodes or with 
oculation experiments northern root-knot nematodes did not grow as well 
dies can cause sunken, as did the control plants and had smaller root sys- 
trawberry roots that tems and more root discoloration. 
Wisconsin show an un tion sieving-Baermann-funnel technique developed by 
lowered production Christie and Perry (3). In this procedure, soil wash- 
for a satistactory ex ings were passed through superimposed 20-, 100-, and 
to investigation of the  200-mesh sieves. and the retained debris was rinsed un- 
eld The plant parasiti til clear. Material caught on the 200-mesh sieve was 
t preliminary survey — placed on a muslin screen in the Baermann funnel. The 
le. Xiphinema amer next day the nematodes were drawn off in a few ml of 


water and used to infest pots lb and 2b. “miscella- 


(Table 1). 


of about 20 species, 


as 
neous nematodes” This collection consisted 
including predators, saprophages, 
fungal feeders. ectoparasitic species, and endoparasitic 
species 

In the sieving process. most of the dagger nematodes 
the 100-mesh The 


“picked” specimens (Table 1) 


were retained by sieve. nematodes 


des ribed as were ob- 
tained by selecting individual nematodes from the ma- 
terial removed by a Baermann funnel and placing them 


in distilled water. This gave a Xiphinema culture en- 


tirely free of other nematodes and most other organ- 
isms. The nematodes designated “mass” were obtained 
by placing the material from the 100-mesh sieve in 


Baermann funnels and using the nematodes extracted 
the These 
other kinds of nematodes besides species of Niphinema, 


from funnels. mass collections contained 


but those with more than a few specimens of other spe- 
were dis arded 


Wisconsin Plainfield 


planting was autoclaved 4 hours at a pressure of 10-12 


cles 


sandy leam from a raspberry 
lb. for use as potting soil. Strawberry plants produced 
from runners rooted in steamed soil were supplied by 
F. A. Gilbert. Horticulture Department. University of 
Wisconsin 


| he Prone 


tode = 


Nema- 


techniques de- 


ulation procedure was as follows: 1) 
collected 


=( ribed above 


were from soil by the 


The funnels were set up during an after- 


noon and the specimens removed the next morning and 


used the same day. thus remaining in water for 24 
hours or less. 2) Roots and tops ol the strawberry 
plants were pruned extensively to leave only 1-2 leaves 


plus the bud and 3-4 main roots. The plants were then 


placed in 6-in. pots. and the roots were partly covered 


with steamed soil. 3) The water suspension of nema- 


todes was poured directly onto the roots. and the pots 


were filled with steamed soil. 4) The pots were thorough- 
. 


ly watered. and placed on inverted saucers to prevent 


des 
des 
ob- 
na- 


em 


an- 
ied 

in 
ted 
ied 


pe- 
rry 
ed 


hy 
of 
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possible contamination by nematodes from the benches. 

The experiment, conducted in a greenhouse. was 
started May 1. 
l. The 


which favored culturing nematodes under 


1956, and continued as shown in Table 
summer of 1956 was mostly cool and moist. 
greenhouse 
conditions. Temperature of the soil in the pots, checked 
period i« allv. was not observed to be above 85°F at any 
May through September it was mostly 70 


Untreat- 


time: trom 
80°F: after October 1, 
from Lake 
was taken to keep the soil moist at all 


the range was 65-70 


ed wate! Mendota was used for watering. 
Extreme care 
mild drving 
No fertilizer was added dur 


ing the course of the experiment. 


times. since it was thought that even a 


might kill the nematodes. 


On July 10, plants and soil from pots 4a and 4b were 
removed for examination. The plants from the remain 
ing pots were removed, examined, photographed. and 
preserved on November 29, 1956. 

Rest LTs No difference was observed hetween the 
plants in pot 4a, which received a mass inoculation of 
Y. americanum, and pot 4b, the corresponding control; 
these were examined a little less than 2 months after 
the experiment was started. Only a few dagger nema 
todes were found in pot la. and none were found in pot 
th. 

When part of the soil from each of the remaining pots 
was washed and examined on November 29, 1956 (i.e. 
6-7 months after the experiment was started). many 
specimens of A. americanum were found in all the pots 
that had received picked specimens or the mass inocu- 
nematodes 


lum of this species. A few non-parasitic 


were found. but these were found in the control pots 
also 

All control plants had an abundance of white. healthy 
roots. with extensive branch and feeder rootlets (Fig 
1.D) Some of the older. centrally located roots were 
discolored. a condition presumed to be normal for straw- 
Both lop erowth and root production were sul 


apie | ates of tnoculation, strawberry arieties inocula 


“ny 
nematodes, [Yo0 


Date ot 
Straw ber planting and Pot 
Variety inoculation No I 

Dunlap May | la Straw berry 
lb Strawberry 
le 

Robinser Mav 3 2a Straw berry 
d Straw berry 
2 Ra rr 

(atsk May 9 i Rasy rry 
) tri erry 

Robins May 16 la Raspberry 
thy 

Dunlay May 17 5a Raspberry 

) ‘ 

Rol near June ) Ha “tra berry 
f “Straw berry 
f Stra erry 
f “tr rry 
fy 
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prisingly consistent on all the control plants, even though 
} different strawberry varieties were used (Table 1). 
Moderate but not distinctive root injury was observed 
on all plants inoculated with XY. americanum; extent of 
injury could not be correlated with the number of speci- 
mens used. Root color ranged from the normal white of 
new, healthy roots to the tan and black of the older, 
more severely injured ones (Fig. 1,.D). The root systems 
as a whole were almost as extensive as those of the con- 
trols, perhaps indicating that the injury was late in oc- 
curring. The small number of nematodes in pot 4a 


1 


after 2 months’ exposure might also indicate that the 
main attack in other pots of the experiment occurred 
late, after the roots had formed. 

Somewhat sunken, reddish-brown lesions occurred on 
the newer roots, both at obviously blinded tips and else- 
where all along the surface from the tip to the point of 
origin. These lesions ranged from small. mottled ones 
of varying shape to others that extended the entire cir- 
cumference of the root. This type of injury was repro- 
duced by placing new plants in pots la and 2a for a 
period of 2 weeks immediately after removal of the first 
test plants. 


} 


The injury produced by X. 1.A.B.C,) 


was moderate to severe. and proportionate to the num- 


chambersi (Fig 
ber of nematodes used as inoculum. Root symptoms, 
again, were not very distinctive, but were more severe 
than those produced by X. americanum. The root sys- 
tems of inoculated plants were extensively discolored. 
For the most part the discoloration was black, but red- 


produced by X. 


americanum were observed. Note in Fig. 1 that the only 


dish-brown lesions similar to those 


healthy-appearing roots on the inoculated plants were 
those produced last. Unfortunately, pot 6a was de- 
stroyed before completion of the experiment; however, 
the plant was observed to be stunted somewhat less 
than the plant in pot 6d. which received about 2000 


spec imens. 


and kine noculum used to test pathogenicity 
Inv i 1 
ource ot K na No specime 
natodes idded 
field \. americanun Picked 400 
held Misce!lane is 
None 
held \. a icanun P 1 60 
held Miscellaneous 
anting \. americanun Viass 1000 
Nor 
lanting A. € U a ’ \! s000 
held \. americanu \! 10009 
Ne ne 
planting \. americanun Viass 1000 
Non 
anting \. americanun NIass 1000 
Nor 
field \ erst Picked 1000 
field \ hambersi Picked 250 
held \ hambersi Mass 500 
field \ nhersi Niass 2OOO 
None 
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i it the end of ent. In both cases, the affected roots first have small, 
e were oI indeterminate, reddish-brown. sunken lesions. which 
As in the p may occur on the roots at any point. Finally, the roots 
ther 1 ides become dark-brown to black. Field decline attributed 
to these nematodes is apparently rather slow. since pro- 
t duction during the first season. and perliaps the second, 
neou todes er ere may not be materially affected. Wisconsin strawberry 
xperi t growers are well aware that. in most cases, it is not 
xperiment. th profitable to maintain plantings for longer than 2-3 
d abno seasons of production. 
na of the root-kno The experiments indicate that dagger nematodes 
{ wd 1949, and a cause injury that results in the eventual blackening of 
Q v tl niscellar . strawberry roots. A blackening of the roots was also 
d larvae of is observed in association with injury caused by the 
ind ill northern root-knot nematode. 
: lL ndoubtedly, some mechanical dama root cells 
is produced by the stylets of dagger nematodes in the 
| process of feeding, and it is highly probable that addi 
f tional damage is caused by the injection into the plant 
les are ] of secretions from their oesophageal glands. This injury 





and comparable 


Strawberry 


infested with 


bersi. Right, from 


nenine 


250 picke 


i if fested with “mass populations” of A } ers Right, 
\) Left. fi i t rom control pot. D) Left, from a pot infested with 400 
pe f \ ne han picked specimens of A. americanun Right. fr control 
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n nt pe the cause of the sunken reddish brown lesions 
rved in the experimental pots and in the field. It 
vgested that these primary lesions are then invaded 
hy bacteria. fungi, and other nematodes. which com 


plete the discoloration and eventual destruction of the 
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experiments indicated that the major injury by X. 
americanum occurred after 2 months’ exposure, proba- 
| 


bly because of poor survival of the specimens used as 


inoculum. Comparative field symptoms indicate that 


njury by X. americanum may be just as severe as that 


caused by Vv. hapla or \ hambe rst. 
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PATHOGENICITY OF FLUSARIL M ROSEL M TO CARNATION AND TO WHEAT 


James lammen 


stUMMARY 


SIXtV-two clones ol Fusarium roseum were 
studied in a series of 5 cross pathoge nicitv tests to 
etermine whether the clones that incite a_ root 
wn. and stem rot disease of the perpetual flowe1 
¢ carnation were pathogenically distinct from 
ose of } roseum { cerealts. whi hh incite a seed 
ng blight and root or foot rot of cereals. Carnation 
ones of the fungus pathogenic to carnation pro 


ced the seedling blight and root or foot rot of 


wheat: cereal clones pathogenic to wheat produced 


the root. crown, and stem rot of carnation. In addi 
tion. clones originally isolated from several other 
hosts were found to be pathogeni to both carnation 
and wheat. It is concluded that pathogenic clones 
of F. roseum, irrespective of the original host from 
which they were isolated, are not pathogenically 
specialized in respect to the tested host plants, and 
J 


that the carnation pathogen is F. roseum f. cerealis, 





()ne if the most serious diseases of the perpetual 
flowering carnation (Dianthus caryophyllus Linn.) in 
the Lnited States (1. 2. 3) is a root. crown. and stem 
rot ited by members of the species Fusarium roseum 


Lh Snvd & Hans \ root or toot rot and seedling 


Dlig of cereals incited by this fungus has long been 
re us zed 7 

Biologic specialization of isolates of F. roseum as 
sociated with cereal root rots was demonstrated by 
Oswald 10 ll). who found that certain of these 
isolates were pathogenic to members of the Gramineae 
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but that others were not. Snyder and Hansen, in thei 
revision of the genus Fusarium (1 >). plac ed the ee real 
pathogens of F. roseum in the forma specialis cerealis 
(Cke.) Snyd. & Hans. to distinguish them from the 
saprophytic members of the species. Though they 
noted that certain of the Fusaria grouped under this 


i 


species had been reported to attack hosts other than 


cereals and stated that new forms should be estab 
lished for them if they were found to be biologically 
distinct from F. roseum f. cerealis, the relationship be 
tween the carnation pathogen and the cereal pathogen 
has not been determined. Evidence indicative of this 
relationship. however, was reported by Wickens (17 
who found that strains of the fungus isolated from oats 
and wheat were slightly pathogenic to carnation 

The primary purpose of this study was to determine 
whether clones of F. roseum pathogenic to carnation 
were pathogenic ally distinct from those of F. roseum 


I cerealis 
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MATERIALS AND METHODs.— I ler to demonstrate 
pathogenic specializatio / eul cross itho 
genicity tests were 1! | | ad the ‘ o 


of the pathogenicity 
carnation and cert 


Whether that f pathogenic to one 


conditions. 


or both plants was deter f ymptoms 

The environmental dit ere equalized 
planting 20 carnatior ttin e half of a small 
flat and 20 cereal seed er half. each equi 


distantly spaced and plante the same 
sterile moist sand 


Wheat White Federa }) was selected for 


(var 
use as the cereal host be ise it i been tound to be 
the cereal crop most suscept e I ittack by the I 
gus (10, 11). Prior to plant e wheat seed was 
treated with Arasar 50 thir which is bis(d 
methylthiocarbamoy! ilf to destroy surface 
contaminants (16). Because ent, i | 
tion was delayed until afte eed had germinated 
Vegetative cuttings of carnation were chosen tor use 
because preliminary tests | vn that they were 
readily attacked by clones of / m and the extent 
of the invasion could 1 classified. The 
varieties used depended ivailability. but all 
cuttings in any | test e same variety he 
cuttings were indexed tul ls) to eliminate 


those infected with Fusar rysporum 4 nin 
(Prill. & Del.) 
caryophylli Burk. (5 \t 
below the node ind dipped i 
hormone preparation | 
inoculated after the wheat seed 1 germinate 
lo obtain represent 


carnation, a survey 1950-1953 was 


major carnation-growing nr 4 
ous isolates were obtained fro ittings, rooted 

tings, and young plants d{ ilder plants showing 
the various phases of 1 e as described by 


Wickens (17 


senting the several 


, ‘ ‘ } 
lwentv-e } ese isolates. repre 


for testing. Clones or 1 from cereals and 


, ’ 1 fron llect 
| 4 ‘ ed oO a colles on 


other hosts (Table 
gathered by | W. Osy 1 a \\ 
Fac h ( lone 


spore ¢ ulture. 


tested was s rred (8). One s 

identical to o1 ssely resemblu the 
“wild” or “natural” type. w ected al 
by mass transfer on 2 to dextrose agar s 
Krom these, spore susp ol ) 
by washing the surface tt my wilh sterile dis 
tilled Phe re tion of eae lone 

| ' ‘ eY nit ly 


was approximately 


water 


the suspension with the ) croscope 
ing the dilution to acl 
Each flat was 


pensions ove! the suriace tT ft ind roliowed Dv wa 


/ 


tering to distribute the througho 


As used here, 
isolate obtained it 
single spore meth ( H _ 

‘ Hormodin A, Ne 
Merck and Cor 


snvyvd. & Ha i ind Ps idoemondas 
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dium. 
( lone No .s. isolated 
of the tests, and clone No. 72, 


used in } 


isolated from carnation, 


from oats, was 


this made it possible to relate 
“stand- 


was used in all 5 tests: 
one test to another. These clones were termed 
ards.” 

During the tests, 
with Hoagland’s nutrient solution No. 1 (9). 


Four to d weeks atter the addition ot the spore =tls- 


the plants were watered weekly 


pension the plants were dug, washed, and grouped 


from O to 5. severity. of 
The used as a 


(MDR) of 


0, cuttings rooted, with no symptoms 


into classes depending on 


disease symptoms. classes basis for 
t 


mean disease rating carnation cuttings 


were as follows: 


on either the aboveground or belowground parts; l. 


cuttings not rooted and showing evidence (trace) of 


brown basal rot, slight wilting, graying, and necrosis 
brown basal rot 


of leaves: 2. definite evidence of a 


tops wilted and showing definite 


and die-back: 3, 


rot extending 1 in.—1 in. up the stem, top symptoms as 
2 | | 


(trace to % in.), 


leaf graying, burning. brown basal 


in class 2; 4, brown basal rot extending 1 in. to 14 in. 
ip the stem, top symptoms as In class 2: 5. brown 


basal rot extending over 14% in. up the stem, cutting 
dead at termination of test. 

The classes used as a basis for mean disease rating 
of cereal seedlings were those of Oswald (11) exe pt 


These 


discoloration and 


that top symptoms were not utilized. were: 0, 
seedlings healthy; 1, 


on the coleoptile, but not 


rt ~1ons 


brown 


extending into the = sub- 


crown internode, crown. or culm: 2, brown discolora- 


tion and lesions extending into the sub-crown inter- 


8 coleoptile, sub-crown inter- 


rotted: 


node. crown, and culm: 


node. crown, and lower culm severely 1. plants 
nearly dead at harvest: 5, plants dead at harvest 


lo determine the pathogenicity of a given clone to 


' 


the carnation and wheat hosts. a mean disease rating 
was calculated by multiplying the number of plants in 
each class by the class number. summing the products. 
ind dividing by the total number of plants tested. An 
MIDR of 0.0 would indicate that all plants were healthy. 
and an MDR of 5.0 that all plants were killed 

infected 


that no intermixing of clones had ocet 


Reisolations from plants, after grading, 
indicated 
between test flats. 

roseum were is-aV- 


Many of those 


Rest LTs. Sixtv-two clones of f 
ed in 5 separate tests (Tables 1 and 2). 


collected trom cereals were found to be pathogen to 


wheat seedlings and carnation cuttings: many of the 
clones collected from carnation were found to be patho- 
genic to carnation cuttings and wheat seedlings. Some 


of the clones originally isolated from other plants at- 
tacked both carnation and wheat 

Differences in MDR occurred on testing the 
IDR. ob- 


tained from wheat was higher than that from carnation. 


2» hosts 


with a particular clone. In a few cases, the 
In others. the MDR obtained from carnation was higher 


than that from wheat. These differences were relative 


in degree, independent of original host from which the 
clone was isolated. and hence not indicative of patho- 
ialization in Fusarium roseum 


Cenic spe 
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Because the carnation clones of F. roseum pathogenic 
to carnation will incite the seedling blight and root or 
foot rot of wheat, and because the cereal clones patho- 
genic to wheat will incite the root, crown, and stem rot 
of carnation. it is concluded that pathogenic specializa- 
tion in regard to these 2 hosts does not occur. That 
clones of F. roseum may not show any host specificity 


is suggested by the limited tests wherein clones isolated 


from hosts other than carnation and cereals attacked 
both carnation and wheat. 
Fac clone tested showed some degree ot pathogeni- 


citv to the test plants, but that degree varied from 


Ihy none to moderate or severe Thus. certain 


‘ 
‘ 


clone - of F. roseum exhibited a very low degree of 
pathogenicity to the 2 ty pes of test plants. These clones 


robably are incapable of causing economic loss, and 


tor i} practi al purposes may be considered sapro- ( lear since F. roseum ft, cerealis has long been identi- 
Wean disease ratings resulting fron ross-patho ABLE 2. Wean disease ratings resu fing from cross patho- 
ger fy tests on carnation and u heat*® with ones of gZenicity tests on carnattor ith clones 
sarium roseum obtained from cereals and other of Fusarium roseum obtain carnation 
> 
MDR Test no. * Carnation Wheat 
o Original host (Carnation Wheat : =i 
I 1.7 8 
Cereal 0.6 0.5 1.8 0.6 
0.9 1.7 1.8 eB 
1.1 0.7 1.8 1.2 
1.3 1.8 1.9 1.6° 
2.7 1 1.6 
l.4 16 ; 
1.5 L5 . lo 0.3 
1.7 1.6 7 “ : 
| 7 J ; 
20 as 2.5 2.2 
2.3 1.4 6 1.9 
3.2 18 
: Cereal l.] 0.2 1.1 2.1 
14 0.5 4.2 29 
1.4 0.4 ] 2.7¢ 
l.4 ° l 0.9 0.8 
lo oe 11 0. 
04 2.4 1.2 0.3 
+9 eo 1.3 0.8 
Cereal 1.4 0.7 1.3 0.6 
2.4 1.9* 2.9 2.2 
3.1 1.3 
Cereal 3.0) 1.0 33 1.7 
1.8 1.9 6 1.7 
| o}* 6 1.4 
3.7 1.9 
3 Artichoke 1.6 0.6 2 19 
Sugar beet 2.9 2.1 10 1.6¢ 
Celery qh 0.1 1.4 2.0 
6 1.5 
Lettuce 0 0.1 © 12 
Heather 3.9 0.5 19 16° 
Snapdragon 3.9 a 7 
Bean 1.8 1.9 > 2.0 0.5 
Radish 0.2 0.9 22 1.3 
Alfalfa 2.0 1.6 3] 1.9 
2.4 1.8 3.79 2.3° 
20 carnation cuttings planted in 1 half and 20 cereal seedlings planted in the other half of a small flat; each inoculated 
with a single clone of F. roseum. 
lest number 1. etc.. of Table 1 and test number 1, etc., of Table 2 were made concurrently 
An MDR of 0.0 indicates no disease; an MDR of 5.0 indicates that all plants were dead at termination of the test. 


Standard clone No. 


33. 
Standard clone No. 72. 


phytic. Other clones of the fungus exhibited a moder- 
ate degree of pathogenic ity. and still others were highly 
pathogenic. 

In view of the fact that isolates of F. 


roseum will attack at least 2 widely divergent hosts, 


DISCUSSION, 


one might question the retention of the forma specialis 
F. roseum f. cerealis. In their conception of the form, 
Snyder and Hansen (12, 13) stated that it should be 
established below the species level to indicate either 
relative host specificity or pathogenicity. Since certain 
members of F. roseum are considered to be saprophytic, 
it is concluded, in keeping with the above concept, that 
the form be retained to separate the nonpathogenic 
members from those that are pathogenic, even though 
the line between saprogenicity and pathogenicity, par- 


hen carnation is the host. may not always be 


; 


iit ularly WwW 
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\ COLOR TEST FOR EXOCORTIS INFECTION IN; PONCIRUS TRIFOLIATA 
J. F. L. Childs.- G. G. Norman.’ and J. L. Eichhorn 4 
SUMMARY 
Rav ce Ils in the / iction was nol found in unbudded P frifoliata tree- 
Raff. infected wit! ire frequently of various ages presumably free of exocortis virus 
aty pu il in unfixe ippeal t or in P. trifoliata rootstocks known to be free of the 
darker (more opagq ee é he virus. The presence of other viruses (psorosis. xvlo 
contents of these lehyde porosis, and tristeza) in the top. and presumably 
coupling reagent ! Hit d ilso in the P. trifeliata stock. in addition to ex 
others. givin roducts cortis virus, appears to have no effect on the rea 
that are clearly I n 98.6 per cent of the cases tested. the col 
under the miecrose | in reaction correlated with the presence of the ex: 
indication ot ey ! tio pP? ty ceortis virus tt P. trifoliata infected 2 vears 
foliata hefore | ongel 
The name “seal il to ex foliata (1 Raff. They reported the usual incubation 
cause the virus nature t d period to be 4-8 vears. The length of the incubation 
strated under that 1 vy b ie il period and the ipparent absence of other reliable 
exocortis is used ere I I 1 ist symptoms have seriously retarded the indexing of com- 
Benton et al found lefinitive nercial varieties of citrus for freedom from exocortis 
symptom of exoco pP virus 
- ndexing tor exocortis was not commenced as part 
:Patholowict. ¢ ae ' ‘ : of the Florida Citrus Budwood Program until 1955, 
ao eas mee because suitable seedlings of P. trifoliata were not 
Florida available, but a more important delaying factor was 
-In charge of the ( P the & years required lor proot of non-intectior (lon- 
of the Florida State P B \ H I cote l und ™ a ae ee “ie 
‘Biological Aid. Cr R Divic a ne equently, under the present indexing procedure no 
ie Contin 1 CA ps 0 candidate tree of the Florida program can be pro- 


ounced tree of exocortis virus before 1963, This situa- 


Florida 
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tion presents problems that could lead to compromis 


ie Program, or threaten its 


ing the original intent of t 
existence Therefore a search was undertaken for 
more precocious symptoms of exocortis virus infection 
Certain anatomical abnormalities (6) previously noted 
in exocortis-aflected P. trifoliata were investigated. 

MATERIALS AND METHODS.—Attention was concen 
trated on P. trifoliata for several reasons: a) by defini 
tion. exocortis (scaly butt) is a disease of P. trifoliata 
(1); b) the Florida Citrus Budwood Program specifies 
P. trifoliata as the test plant for exocortis virus infec- 
tion. and all trees currently under test are indexed on 
Ss..c) only P. trifoliata-rooted trees were available in 
sufficient numbers for experimental purposes;° and d) 
the exocortis-type scaling exhibited by certain cit 
ranges (4. 10), lemons (2). and limes (10) may o1 
may not be caused by the exocortis virus, a point not 
established. 

Rusk citrange (Citrus sinensis P. trifoliata 
Rangpur lime (C. aurantifolia), Cleopatra mandarin 
(C. reticulata), sweet orange (C. sinensis and sour 
orange (CC. aurantium) rootstoc ks were examined to a 
limited extent 

Initially. specimens ot wood were collected with 
bark attached because interest was primarily in ab 
normalities of the xylem. Later, when it was learned 
that exocortis infection could be diagnosed from bark 
alone. wood specimens were omitted The size of the 
bark specimen was determined largely by the size of 
in. long by 14 in. wide bisected 


by the bud union Was considered the ninimum tor 


the tree, but a piece 


routine examination: smaller specimens were difficult 
to handle in sectioning. Immediately after excision, 
bark pieces were stored in formaldehyde-acetic acid 
aleohol solution No. 2 (11) until prepared for exami 
nation. For microchemical tests, sections of fresh, 
unfixed bark were used. 

Transverse and longitudinal sections of wood with 
attached bark, and of detached bark. were cut with a 
Stanley No. 604 block plane held in the hand. The 
blade of this plane cuts at an angle 14° to horizontal, 
several degrees flatter than other models (15). With 
the blade ground and honed to razor sharpness, this 
type of plane proved better and faster than a sliding 
microtome for sectioning wood and bark of citrus. It 
cut sections as thin as 20 quickly and easily. Two 
of these planes have been used for that purpose tor 
about 7 vears 

In the early stages of the investigation, sections of 
wood and bark were stained by Cartwright’s method 

il). largely because certain tissue abnormalities were 


noticed in sections of P. trifoliata so stained. and it 


was thought these might be caused by exocortis virus. 

5 Thre igh the cooperation of the Florida State Plant 
Board a small number of citrus trees on P. trifoliata root 
stock were examined in peninsular Florida. Later, abun 
dant material was examined in Louisiana through the co 
operation of Mr. Ralph Brown, Superintendent of Plaque 
mines Experiment Station, and Mr. M. W. McEachern, 


Agricultura Agent. Port Sulfur. and through the courtesy 


Later, phloroglucinol-HCl reagent and safranin-light 
green stain (14) were used. These are standard stains, 
ind the procedures require no special mention here 

Rest A, F Laboratory fest for exocortis virus tite 
tion.—Over 1,000 slides of sectioned and stained mate 
rial were examined microscopically. It seems unneces 
sary to describe the abnormalities of xylem and bark 
that were studied without establishing anything worth- 
while in relation to exocortis. In the course of these 
studies it was noticed that a red staining of the 
phloem tissue was especially heavy in exocortis-af- 
fected bark of P. trifoliata stained by Cartwright’s 
method. However, staining of the phloem tissues oc 
curred occasionally in sections cut from bark of cer- 
tain mature trees not affected by exocortis. Later ex- 
aminations and comparisons indicated that these latte: 
specimens were from sour orange stocks (Satsuma 
tops, Baldwin County, Alabama). It was discovered 
that, if attention was limited to the phloem rays and 
if staining of the other phloem tissue was disregarded, 
then a very high correlation could be established be- 
tween the staining reaction and exocortis infection 
provided the period necessary for incubation had been 
completed, 

Vature of material stained.—\t was suspected that 
the material in the ray cells that stained red with Cart- 
wright’s stain was wound gum Phloroglucinol-HCl, 
a standard test reagent for wound gum, stained the 
same areas (see Fig. 1, 2) in the same rays (in virtual 
serial sections). The procedure of staining with 
phloreglucinol-HCl was much faster. After application 
of the reagent and pending examination, the slides 
were stored in a moist chamber to prevent drying 
With phloroglucinol-HCl, color development is com 
plete in 3-4 minutes and remains substantially un 
changed for 4 hours 

Wicroe hemical tests Sections of fresh, unfixed P. 
trifoliata bark from 2 trees affected with exocortis 
ind from 2 trees tree of exocortis symptoms were sub 
jected to a series of microchemical tests. All 4 trees 
were 40 years old, or more, and probably were in- 
fected with other viruses. Tests in which the reagents 
reacted with exocortis-virus-aflected ray cells are pre 
sented in Table 1, Affected cells in the rays gave no 
reaction with the following reagents: zine-chlor-iodide, 
for cellulose; Biuret, for peptid-linkage; Millon’s re 
igent, for tyrosine and phenols; and ruthenium red, 
for pectic materials. 

Phloroglucinol-HCl as a reagent jor routine tests. 
All P. trifoliata bark specimens from Louisiana and 
Florida, except a few damaged in collecting, were re 
tested by the phloroglucinol method. Bark samples 
were sectioned and processed, and the sections were 
examined microscopically and diagnosed by serial 
number. After each lot of 15 specimens had been ex- 
amined and diagnosed, the results were che ked 
igainst the field notes for confirmation of diagnosis. 

For presentation, the data are segregated into two 
lots: a) trees with bark scaling. designated as exo- 


cortis- positive and trees of the same age without bark 
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scaling symptoms designated > exocortis-negative To determine whether unbudded P. trifoliata trees 
(Table 2); and b trees nol ling but with identity presumably free of exocortis virus would react posi- 
of the parent trees and reser r absence otf intec ively to the phloroglue inol test. specimens were ex- 
tion both known (Table 3). amined from 53 seedling trees ranging in age from a 


# 
a . 
vif 
« 

oa 


a? 


Fic. 1-4. Fig. 1. Cross section of exocortis-infected P. trifoliata bark of 40-year-old tree. Affected ray cells stained with saf- 
ranin-light green. 104. Fig. 2. Exocortis-affected ray cells in cross section of P. trifoliata bark stained with safranin-light 
green. 970 *. Fic. 3. Cross section of exocortis-free P. trifoliata bark stained with safranin-light green. 62 ”. Fic. 4. 
Cross-section of P. trifoliata bark infected with exocortis but free of psorosis, tristeza, and xyloporosis, stained with 


safranin-light green. 216 


ayer neem: 


+ 





2 





rht 


ith 


or 
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Paste 1.—-Microchemical tests of freshly excise unfixed P. trifoliata bark 
Exocortis-infected trees Exocortis-free trees 
Reagent, test olor Tree |] Tree Tree ] Tree 
Phloroglucinol-H¢ 
a-wound 2 red DPrICh d red colorless colorless 
iwnin-—red violet) 
Orcinol-H¢ 
ildehvde —purple irple purple colorless colorless 
pentose— yellow-green 
Feulget 
aldet! red red colorless orless 
thy nenu el icld purpte 
Schiff’s 
i-aldehyde——red red colorless colorless* 
Ammoniacal AgNO 
i-aldehvae brown-black black black colorless colorless 
Safranin and light green 
a-wound gun red‘ green green 
Maule 
ign red d red‘ colorless colorless 
These tests concern certain cells in the medullary rays the bark, ie. those that stain red with phloroglucinol-HCl 
| 
when the tree is infected with exocortis virus. It is easily possible to distinguish these cells before the reagents are applied 
by their more opaque cytoplasm. In these tests, cells that show no change from the base color are termed ‘colorless.’ 
Four to 6 sections per slide were treated with each reagent, the test repeated, and the sections re-examined to make 
sure that the maximum color was reported. 
Pomegranate Purple, Ridgway (13) \ olors determined at 315 magnification, with ribbon filament illumi 
nation at “high” intensity. 
Hvacinth Violet, Ridgway. 
Many cells in medullary rays stained Hyacinth Violet. These appeared healthy. 
Schoenfeld’s Purple, Ridgway 
Rose Red, Ridgway. 
few years to 30 or more, in widely separated locations. same as Land’s, as described by Chamberlain (5). 


None of these trees had exocortis-type bark scaling. 

and all were negative by the phloroglucinol-HCl test 

(Fig. 3). 
Semi-permanent Because 


I lor ida 


Citrus Budwood Program might be challenged by a 


color fest. 


rec ord ot the 


virus-indexing tests conducted under the 
participant. it would be desirable if the slides could 
he filed after examination, as evidence to support the 
diagnosis. The transitory nature of the phloroglucinol 
test makes it worthless as a record, but a semi-perma 
record can staining some of the 


This 


the diagnosis of the 


nent he obtained by 


hark sections in safranin-light green. stain pro 
vides excellent substantiation of 
phloroglucinol test, and is applied as follows: Trans- 
verse sections of bark are cut into a Petri dish contain 
until the 


phloroglucinol determination has been made. If the 


ing tap water. Some sections are saved 


diagnosis is positive. a few drops of safranin solution 
10 ce of 
100 ex 


saturated alcoholic solution of safranin in 
ol water) are placed in the dish of sections, 
which is allowed to stand 4-5 hours; overnight is bet- 
ter. When the most of the 


safranin, several are placed on a slide, blotted dry, 


sections have taken up 


and washed momentarily with absolute ethyl alcohol. 
The sections are then destained in light green (satu- 
rated cent alcohol 
flooded 


Permount or 


solution in 95 per and clove oil. 
blotted 


mounted in 


momentarily with 


suitable 


equal parts), dry, 


xvlol. and other 


mounting medium. This schedule is substantially the 


When properly applied and destained with light green. 
the safranin duplicates the phloroglucinol-HCl test 
(Fig. 1, 2). 


Phloroglucinol test for exocortis virus in the 


very nicely 
pres- 
ence of other viruses.—From the virus indexing done 
under the Florida Citrus Budwood Program, it appears 
that 
If that is so, 
most of the trees sampled in Florida and Louisiana 


Never- 


the correlation of bark scaling to a positive 


few commercial citrus trees are free of viruses.® 


then it may be presumed that many or 


are infected with viruses other than exocortis. 
theless, 
phloreglucinol reaction was very high. 

More specifically, most of the trees admitted to the 
1953 had been 
on appropriate plants, and virus infections (psorosis, 
Thus it 

reaction of 


Florida budwood program in indexed 


tristeza, and xyloporosis) determined. was 


possible to compare the phloroglucinol 
3 viruses in various combina- 
Over 370 
test trees were examined and the staining reaction of 
the affected cells 
psorosis, xyloporosis, and tristeza viruses were present 
(Fig. 4). 


Phloroglucinol test applied to several citrus species 


trees infected with these 
tions with the reaction of trees free of them. 
clear whether or not 


was just as 


These data will be presented elsewhere. 


and 2 hybrids——Bark specimens were secured from 6 
rootstocks of Rangpur lime, 6 of Cleopatra mandarin, 


and 6 of sweet orange budded 4 years previously with 


6 From unpublished reports of G. G. Norman, who granted 
permission to cite the information. 
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Paste 2 Relat f ily butt) of P. tritoliata rootstocl and reaction of ray ells 
; at if 
ignosi Field diagno Incorre: 
Group }? t Negative Positive Negative diagnosi- 


t } i) 

B | () 
0 

( ho () 
1) Q ‘) 
0 

I 1Y P 4 


) 
{ () () 
() } ) 
H 0) 
1) 
Tota DO 4 
Tops were swe )\, Iz indarin orange (C. reticulata), 40 trees: grapetruit (¢ a 
disi), 4 trees; ( a sp.), 1 tree 
One cell in 1 probably should have been called negative 
Satsuma tre I [ ala symptoms ere weak ¢ trees 
The 3. error t ro liagnosis in the field 
Washington nave ) f vith exocortis viru DISCUSSION. Exocortis virus affects c Ils ims the 
Bark specimens wer rom 12 P. trifoliata rays of P. trifoliata bark in such a manner that thes 
rootstocks, of which 6 led 2 year pre viously cells stain Pomegranate Purple (13) when treated 
with exocortis-infected W mn navel, and 6 were with phloroglucinol-HCl, and Schoenfeld’s Purple 
budded at the same time cocort free Washing (13 when treated with Schiff's reagent (Table 1 
ton navel orange WI irk specimens were In unstained sections of infected bark, either fixed o1 
subjected to the phloro 1 test. one Rangpur fresh, certain ray cells or their contents appear darke1 
stock gave a posit \ othe L-vear-old more opaque by transmitted light than others. The 
trees in the test were 1 | All 6 of the location of affected ray cells ranges from close to the 
2-year-old trees on P lded wit! fected cambium to the region of the crushed phloem in differ 
navel o1 inge reacted na ill 6 Maed ent bark specimens, When many ray cells and numer- 
with the exocortis-{ eacted negatively ous rays are affected, the intervening phloem tissue 
addition, mature R rooted trees, 6 with may also stain. Then the outer bark, including most 
exocortis scaling al ( I f the phiore ol thie phloroglucinol-reacting tissue, frequently 
vlucinol test. The ¢ We positive sloughs off. giving rise to the bark-scaling characte1 
reactions, and thi ( I it ca il ive istic of exocortis (2). On very recently s aled por 
negative reactions tions of bark. phloroglucinol-HC] may give a negative 
Distance of flor } test. it is suggested that bark scaling is a mechanism 
union.—Specime! t various distances by which the plant rids itself of affected tissue. This 
from the bud unio s-aflected 40-year-old suggests that species or hybrids of citrus or of P. 
P. trifoliata root e to The limit trifoliata that exhibit bark-scaling trom exocortis- 
of positive reactior icinol-H¢ was Zi virus infection can be expected to react positively to 
inches linearly below | ind about the phloroglucinol-H¢ | reagent This is tentatively 
18 inches in the othe i oo ently culated P borne out by the positive reaction of Rusk citrange 
trifoliata (13-27 mo : tive reaction was and Rangpur lime. Conversely, it suggests that species 
usually limited to tis 6 mn or hybrids that do not exhibit bark scaling may not 
from the union. On P. ¢ t oculated 6 months hye expected to react in that fashion. The few trees of 
previously, a phloro ction was found in exocortis-virus-infected sweet orange and Cleopatra 
cortical parenchyt re than a tew cells mandarin examined (Table 4) bear this out. However. 
from the union l Coa these observations do not resolve the question whether 


some other virus can or does cause exocortis-like bark 


7Spe imens ft \ 


Brown, Port Sulfur, | scaling in species other than P. trifoliata or its hy- 





August 1958 CHILDs ET Al TEST FOR EXOCORTIS IN PONCIRUS TRIFOLIATA 131 
TABLI Re al ! between known ex ortis irus intection in non-scaling P. tritoliata rootsto s and reactior / rey 
ells in the bark to laboratory test with phlorogluinol-H¢ 
Exocortis virus in | 1 source 
Ye irs trom tree | iporatory diag -1s Im rere 
Group budding Positive Negative Positive Negative diagnosis 
sat eliaatl 
U () ( 
\ t 
) { 
8 7 0 
> 
B 
{ 
Total & ) r 
ota 


Washington navel known to be infected or kno 


One bark sample damaged in collecting sé 


section 


hrids lf the ray-cell reaction of Rangpur lime is 
caused bv exocortis virus, then it appears to deve lop 
trifoliata (Table 4) (12) 


reaction appears to develop first or 


more slowly than in P. 
The ray-cell 
P. trifoliata union in contact with the 


bark 


union effect, as pointed out by Benton et al (2 The 


earliest at the 


infected top, indicating that scaling is a bud 


downward progress of the virus as evidenced by the 


} 


rav-cell reaction seems to be slow. 18—27 in. in about 


10 years (2, 3) 


Occasional specimens exhibit a strong reaction to 


phloroglucinol, primarily in the functional phloem 


The cause is not known. At such places there is often 
in overflow effect, causing adjacent ray cells also to 
stain. It has been our practice to disregard such rays, 
making diagnosis on the basis of ray cells adjacent to 
unstained phloem cells or on the basis of rays in which 
the staining 


Histochemical tests indicate that ray 


is much stronger than in adjacent phloem 


cells 


an aldehyde 


iffec ted 
by exocortis virus contain material giving 
Schiffs reagent without 


reaction prio! 


Tarte 4 


No. 
inoculated 


Years 


Iron with Laboratory diagnosis 


Rootstock budding exocortis Positi Negative 
(. aurantifolia } 6 pos ] 4" 
(. reticulata } 6 pos. 0) 5 
(. sinensis | 6 pos 0 6 
P. trifoliate ng 6 pos 6 0 
P. trifolia hecks) 2 6 neg. 0 6 
Bark ens Iro trees 1n a rootsto experiment 
I Ralph Brown, at Port Sulfur, Louisiana, in hich exo 
tis-infected Washington navel orange was budded across 


adjacent rows of Rangpur, Cleopatra, sweet orange, and P 
® 


tritoliata so that buds from a single tree were placed in 

first tree of each row. Two vears later the P. trifoliata 
seedlings were subbudded from the adjacent sweet-orange- 
rooted tree \ second series was similarly budded, but 
with exocortis-tree Washington navel orange. The data 


presented here are taken from the exocortis-infected series 


(plots 1, 2, 3, and 4) and from the P. trifoliata rootstocks 
plot 8) of the exocortis-free series. 


Bark was so damaged on ] specimen that it ild not 


only a few rays with reactive cells 


wn to be tree otf exocortis 


affected 
of higher aliphati 


ivdrolysis gives a plasmal reaction (9) with 
ray cells, indicating the presence 
aldehydes released from acetal phospholipids by the 
icidic action of the reagent (7 

contents in the 
effect 


That such cells contain mate- 


The presence of cells with darker 
rays of P. trifoliata bark seems to be a specifi 
of the exocortis virus. 
rial that reacts with various aldehyde coupling re- 
agents to Other 


chemical changes could possibly be demonstrated with 


give a color reaction seems fortuitous 


other reagents. 


The question whether viruses other than exocortis 


may be responsible for the ray-cell reaction in P. tri- 


foliata or may mask it seems answered by the correla- 
tion between ray-cell reaction and exocortis infection 


in many orchard trees of all ages, irrespective of top 


variety and the presumed presence of other viruses, 


ind by the fact that ray-cell reaction for exocortis 


virus was as good in trees also infected with psorosis, 
xvloporosis, and tristeza as in trees free of them 


Safranin stains wound gum, lignin, pectic com- 


pounds, and certain other plant materials. Its com- 


bination with light green stain is fortunate in this in- 
reduces safranin (8) more 


ct Ils, 


stance because the latter 


readily from unaffected ray 


permitting a nice 
differentiation if not allowed to react too long. Fast 
green was not a satisfactory substitute for light green 


n this procedure. 
The correlation between exocortis virus infection of 
sibly diseased plants of P. trifoliata and a positive 
reaction of ray cells to phloroglucinol-HCl seems very 


good considering that only 1 specimen per tree was 


examined (1.4 per cent error in 215 specimens diag 


nosed). However the reaction to phlorogluc inol is not 


exhibited uniformly by all rays, and in a given speci- 


nen, particularly from a young tree, there may be 


Thus there is some 


chance that reactive (affected) ray cells will not be 


present in a given bark specimen The reaction be 


comes more uniform and more pronounced with age 


of the infec tion, 
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MOSAIC OF APPLI 


Gilmer 


SUMMARY 


Seven virus isolate I duced symptoms of 
apple mosaic In appie wv ymmpared in host range 
modes ot transmissiolr in¢ i! i unidirectional 


cross-protection test Six of the isolates, 4 derived 
from apple and 2 from cherry, were similar They 
were bud-transmitted to apple and, with | excep 
tion. to Japanese flowering quince, but not from 


iwthorn. or Sorbus aucu 


apple to pear, 
They were not 


quince 
transmitted to any of several 


hy dodder 


herbaceous hosts by expressed sap Or Dy 
VE lopment ot symptoms 


parta 


Differences in rapidity of de 


of a qualitative nature. A single isolate from ap- 
ple was readily transmitted with expressed sap or 


dodder 


It was bud-transmitted to apple, Japanese flower- 


with to several herbaceous plant species, 


ing quince, pear, quince, hawthorn, and S. aucu- 


paria. Apple seedlings previously systemically  in- 
fected with any of the 6 non-sap-transmissible iso- 
lates were not protected against infection with this 
isolate when it was introduced by bud-inoculation. 
Differences between this isolate and the 6 non-sap- 
transmissible isolates were regarded as sufficient to 


justify its description as a new virus. 





and amount of foliar chlorosis induced by these 
isolates appeared to be of a quantitative rather than 
Yarwood (8) found that ar ipple mosaic virus 
(herein referred to a rAMY could be transmitted 


‘ ] 


& plant species In 


identify TAMYV with 


> 
) 


with expressed sap or doddet 


He did not attempt 


families 


apple mosaic virus V nor } H noting only 
that “. . . mechani al noculations with a similar but 
different apple mosab were unsuccessful.” 


1 Ellenberger (4) inde 


{ V lineo 


Gilmer (1) and Posnette 


pendently concluded that line pattern virus 


pictum Cation), commo several Prunus species, 
was identical with apple mosaic virus (M. mali). The 
wide herbaceous host range discovered by Yarwood 
(8) for TAMV. seemed therefore, to offer several 
herbaceous plants suitable { detecting latent in- 


fections of apple mosai rus in cherries 
However. numerous attempts in this laboratory to 
transmit apple mosaic Vir to anv of these plants trom 


peach, cherry, or apple were variably unsuccessful. 


February 28, 1958 
director of the New 


Station, Geneva, as 


lAccepted tor publi itior 

Published with the 
York State Agricultural Experiment 
Journal Paper No. 1104 


ipproval of the 


\ direct comparison of TAMV with isolates of apple 


mosaic virus from apple and from cherry was then 
carried out to determine possible relationships. 
Virus sources.—A total of 7 virus isolates, 5 origi- 


nating in apple and 2 in cherry, were collected? Of 
5-2/1 and Al0/1), A101 


reviously to symptoms of 
I | 


the cherry isolates (1 isolate 


had been shown induce 


apple mosaic in apple (1). Of the 5 apple isolates, 3 


originated in New York: apple mosaic virus from a 
Cortland orchard (AMCV),. apple mosaic virus 
from a Red Astrachan nursery tree (AMSV), and 
S1A1 from a Hubbardston orchard tree, Isolate TAMV, 


previously characterized fully by Yarwood (8), origi- 


tree 


nated in an unknown apple variety in Tulare County, 
California; it differs in origin and behavior from the 
apple mosaic virus described by Thomas (6).° Isolate 
(\P-4, obtained from a Jonathan tree near Prosser, 


Washington, had been shown by Kirkpatrick (2) to be 


2 Drs. C. E. Yarwood, E. C. Blodgett, K. G. Parker, and 
D. H. Palmiter kindly supplied certain of the apple mosaic 
isolates. 

3 Letter from Dr. H. Earl Thomas, December 4, 1957. 
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August. 1958 GILMER: TWO VIRUSES TH 
TasLe | Rapidity of symptom development and symptom 
serverily n apple of virus isolates 
——— 
Days from bud-inoculation Symptom 
to appearance of symptoms intensity 
[sola 85°! 70-50°F 70-50° 
TAM\ 7-10 15 very intense 
\P-4 6-13 13-19 very intense 
51Al se) 15 intense 
AMC\ il-14 17 conspicuous 
AMIS\ 28-35 26-33 conspicuous 
10 23-30 32-37 slight 
A101 
15-2/1 21-30 22-37 sligl 


Intensity classified after Posnette and Cropley (3), but 
defoliation occurred in the 
classifications. 


little or no necrosis o1 “very 


intense and “intense 
transmissible to peach, where it induced symptoms of 
line pattern, 

All of the 


tion to apple seedlings, which were used as sources of 


isolates were transmitted by bud-inocula- 


inoculum 


COMPARISON OF APPLE.—Each isolate 


1956. to a 


SYMPTOMS IN 


was bud-inoculated in February, separate 
group of 4 apple seedlings just as they were breaking 


had 


been shown to influence the amount of leaf chlorosis 


dormancy in the greenhouse. Since temperature 


in apple seedlings infected with apple mosaic virus 
(1). half of the 


85°F. and the remaining half at 70°F 


trees of each inoculation series were 


grown at (days) 
and 50°F 


Both temperature and source of inoculum influenced 


(nights). 

rate of development and amount of foliar chlorosis 
(Table 1) 
in trees of the inoculation series was more pronounced 
50°F at 85°F. 
the chlorotic areas were yellow at first 
an extended period; at 85°F, the 
bleached to white. 
rAMV, AP-4, 
and 51A1 inoculation series occurred in those grown 
at 70-50°F. b 


Irrespec tive of ino« ulum source { hlorosis 


in those grown at 70 than in those grown 


\t 70 50 F. 
and remained so for 
initial yellow coloration quickly 


Leaf and bud necrosis in trees of the 


it not in those grown at 85°] The same 


isolates induced more pronoun ed chlorosis than did 


anv of the isolates in trees grown at either tem 


other 
perature 


\s greenhouse temperatures Increased, in late June 


and July. the amount of foliar chlorosis developing 


in all of the inoculation series progressively det reased., 


Symptoms of infection on new leaves became almost 


completely masked except in trees inoculated with 
TAMV. Trees infected with this isolate continued to 


deve lop a si all amount ot chlorosis. Wille h Was COon- 
fined to the tips of the leaf serrations 
TRANSMISSION BY BLD-INOCULATION oO 


Fac h 


trom apple too pl ints of each of the following 


OTHER 


ROSACEOUS PLANTS isolate was bud-inoculated 
spec ies: 
lagenaria 


Mill.), 


(Crataegus 


(¢ hae nomeles 


Japanese flowering 
(Loisel) Koidz 


pear (Pyrus con 


quince 
quince (Cydonia oblonga 
munis L.). hawthorn 
\Mlaxim 
The data art 


chlorosarca and Sorbus aucuparta | 
Table 2. Virus was not 


ilated 


summarized in 


recovered id-inoculation to apy le fron nor 


INDUCE MOSAIC OF APPLI i. 


~~ 
~ 


plants that did not develop symptoms, indicating that 
such plants were not symptomless virus carriers. 
PRANSMISSION BY SAP-INOCULATION 


FROM APPLE 


FOLIAGE. each iso- 


\ttempts were made to transmit 
late by inoculation of various herbaceous plants with 
About 0.5 g 


infected 


sap extracts from infected apple leaves. 
leaf 


was triturated in 2 ml of 


of young tissue from systemically trees 
and the resultant 
extract was gently rubbed with a cheesecloth pad on 
the foliage of test plants previously dusted with 400- 


mesh 


diluent. 


Various diluents used, in- 
cluding distilled water, .01 M phosphate buffers of pH 
and 8.5. 


carborundum. were 


55. 6.5. ia 
OOL M. 
rAM\ 


these experiments. 


and sodium bisulfite at .01 and 


was the only isolate transmitted in any of 
It infected seedlings of cucumber, 
tobacco. bean (var. Pencil Pod). Tithonia spectosa | = 


When 


was used, inoculum prepared with distilled water was 


and Nicotiana glutinosa L. young leaf tissue 


consistently infective. Older leaves with marked symp- 
toms provided inoculum of little or no infectivity 

In 2 experiments in which the fresh leaf-disk inocu- 
was used, 1] AMA was 


cue umber o4 


lation method of Yarwood (7) 


transmitted to tobacco and none otf the 
remaining 6 isolates were transmitted to either 
Virus-free dodder 


grown from seeds was estab- 


TRANSMISSION BY DODDER. iCus- 
cuta subinclusa D. & H 
lished on apple seedlings infected with each of the 


dodder 


isolates. Following establishment, 


virus 
strands were trained on voung tobacco and ipple 
seedlings. 

Severe necrosis developed in 11-21 days in all of 6 


tobacco seedlings on which dodder was trained from a 
rTAMV. TAMY\ also dodder- 
transmitted to 11 of 12 apple seedlings. TAMY 
from triturated dodder to 


tree infected with was 
was 
readily transmitted by sap 
tobacco seedlings, and also. as previously reported by 
Yarwood (8). was recovered from sap-inoculated to- 
bacco plants to apple by means of dodder 


None ot the 


to tobacco or apple 


other 6 isolates was dodder-transmitted 
seedlings. nor was any of them 


mechanically inoculable to tobacco. Tithonia, or cu- 


triturated dodder 
Kach ot a 


\y ril. 1956. with one 


cumber seedlings with sap from 


C ROSS-PROTECTION series of | ipple 


seedlings was bud-inoculated in 





wRLE 2.—Infectivity of s isole bud-inocula irom 
a é fo other R ede 
solate 
- - - oul ound 
> -~ = & f = 
a - a _— = j 
- oes en - - — - 
“pe es —_— - - -— - “ a 
( haenomeles 
Sorbus 
(_rataegus 
Pp 
vrus 
(. vdonia 
indicates that symptoms developed and virus was re- 
ered after inoculatior indicates that symptoms did 
not develop and virus sas not re overed atter ino lation, 
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. a ; 
of the non-sap-tra ites (AMCV. AMSY., Common name: Tulare apple mosaic virus 
51Al, AP-4, 15-2 1 A The following Au Geographical distribution: Tulare County, Cali- 
gust. at least 3 mont i r ft eedling id de fornia. 
veloped sympto } ‘ " ' llatio <ePries Induced diseases: In apple. Helianthus annuus = 
were idditionally 1 wil TAMA the and Tithonia speciosa L., a chlorotic mosaic of foli- 
other 2 trees were age. In some varieties of Phaseolus vulgaris L.. 

In Febr ary 195 init | ) thie ppie necrotic lo« al lesions: in Vicotiana taba “um = lo- 
seedlings were f{ house 1 assayed eal etched rings, systemic necrotic shock, recovery 
for TAMYV by say yacco seedlings with virus present. 

PAMY was re é t the tre lo whicl Host range: An extensive host range is found in 
it had been inocu \N Nissi tobae Yarwood (8); additionally, Crataegus chlorosarca 
co was obtained | l ees that d not Maxim., Sorbus aucuparia L., Cydonia oblonga 
been iditionally it h TAMY Mill., Pyrus communis L.. and Chaenomeles lage- 

Dis SSION ‘0 ‘ c SHOW! naria ( Loisel) Koidz. 
that mild strair la hig lransmission: By grafting. by dodder, by expressed 
deg prote ru “af 
lent ns inti it ) they Relat onships Suggested relationship or identity 
wert I ible to tt { illy i ( Tile nu with tobacco streak Virus (8) not established. 
mit ipple 1 ked 
the licted 1 \\J DEPARTMENT OF PLANT PATHOLOGY 
n ! cle i \VWV\ P | stinet 

’ New York AGRICULTURAL EXPERIMENT STATION 
tre rhe) j 

vedi GrENEVA, New York 

I pre rAM\ 
duce TY aon yf q a 
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VIRLS GLUMMOsIsS OF APRICOT 


Earle C. Blodgett and James A. Twomey - 


sltUMMARY 


{ new disease of Prunus armeniaca | affecting 


Roval and Tilton and caused by a virus easily 


transmitted by budding. is named virus gummosis. 


Symptoms consist of profuse gumming on branches 


runks, necrosis and dieback of new shoots, a 


} 


and t 
lace-leaf effect. and dead, punky areas in the fruit 





In 1947 a fruit grower near Granger, in the Yakima 
Vallev of Washington. called our attention 


1 to an ap 
affecting apricots, Prunus ar 


parently new disease 


meniaca | Since that time 3 other orchards (2 in 


1955 have been found with the same disease Its 


potential seriousness and apparent differences from 


known apricot disorders * make appropriate a record 


of svmptoms, distribution, and transmission data. 


SYMPTOMS Virus fummosis occurs on Royal 


Blenheim) and Tilton apricot varieties but does not 
appear to naturally affect Wenatchee * in the same 
ird Phe disease Has appre ired in Wwe 1] ove! half 


the Roval trees in the original orchard. making their 


removal necessary The most striking symptom is the 
gu produced in enormous quantity o affected 
i] hes and trunks (Fig. 1D). The smaller branches 


levelop necrotic areas, the bark becomes roughened 
ind discolored, and gumming on these areas is also 

on Lesions formed on the current vear’s shoots 
eventually kill the twigs and buds. Characteristically 

ted trees die back extensively and. the following 
ear. push out fewer, but vigorous, water sprouts 
These may later die back nearly or completely to the 
This dieback is repeated 3 or 4 


vears. until the tree is dead. Most affected trees are 


branch or trunk 


<0 seriously impaired that they are removed after a 
season or two. 

rit ' nal | »y nor | 

Fruit sets sparingiy and some may be no ti In the 
tages of tree infection. Fruit that does set and 
slow symptoms usually falls early, and. by harvest 


severely 


practically no fruit can be found on 
iffected trees or branches. At first examination. virus- 


mosis-diseased 1. B-¢ shows some 


larity to fruit affected by apricot ring pox Phe 


\ pted for publication February 12, 1958 
Published as paper No. 1630, Washington Agricultural 
Experiment Stations 
Plant Pathologist and formerly Assistant Plant . Pa 
gist, respectively, Washington Agricultural Experiment 
“tations and Washington State Department of Agriculture, 
ion Experiment Station, Prosser, Washington 


The authors gratefully acknowledge constructive criti 
is f the manuscript by Dr. L. C. Cochran 

Bodine, E. W., and E. L. Reeves. 1951. Ring pox of 
ipricet, p. 187-188, in Virus diseases and other disorders 
itl iruslike symptoms of stone fruits in North America. 


\ = Dept. Aor \gr. Handbook No. 10. 276 p. 


The variety herein called Wenatchee has formerly been 


lely known as Wenatchee Moorpark. Since there is no 
ozical reason tor connecting the Moorpark th the newer! 
rietv, many leading horticulturists feel the name Wenat 
hee is correct, and it is now in fairly general use 

( n, L. C.. and G. L. Stout. 195 Apr t ring 
Ox, { Dept. Agr. 42: 7-1 


however, are more misshapen, there is mor 
necrosis of tissue deeper in the fruit, and conspicuous 


rings and spots are absent. 


Necrotic spots and areas 
form on the leaves. later falling out and giving the 
appearance of lace leaf. Many of the leaves turn yel 
low and drop before fruit maturity. The current year’s 
growth of spurs and shoots, if severely affected, may 
wither and blast, as though scorched by fire (Fig. 
1.B 

TRANSMISSION TESTS._-In a preliminary 


budwood was collecte | trom affected Roval apricot 


\}) iit 


trees in the orchard where the disease was originally 


reported. In 1948, buds were placed on Lovell peach 


seedlings in plots at the Irrigation Experiment Station, 
Prosser. Washington. Some seedlings received buds 
only from diseased trees, some only from healthy 
trees: otner seedlings received both. a he ilthy bud of 
Roval above the diseased inoculating bud in some 
cases and below it in others. Shoots grew from most 
of the buds, but nearly all of the young trees that had 
been inoculated, including the understock, eventually 
died. The shoots from healthy buds on double-worked 
trees grew the next season, but during the succe ling 
winter and summer, succumbed, with profuse gum 
ming. Trees with only healthy buds grew normally 


These tests indicated that a virus might be involved 

In another experiment, budwood of the current 
vear's shoots in the early stages of necrosis and gum 
ming was collected from diseased trees in the second 
diseased orchard that had been located. On July 18. 
1951. 4 buds were set on each of the main scaffold 
branches of 5 2-year-old Tilton apricot trees in the 


Alternate trees in the row were inocu 
h 


plots at Prosser. 
lated, leaving an uninoculated check between PAL 
During late fall, and early 


the next season after growth started, the tissue near 


Ino ulated pall (Fig. l. \) 


the point of bud insertion died and gummed profuse 
ly. Phe 


branches and. later in 


affected area extended up and down the 


the same year, appeared on 


other branches and on the main trunk. One tree died 
during the first vear after inoculation. and 1] more 
during the =e ond The remaining } trees survived un 


had 


til the spring of 1955, when all died. The trees 
fruited well, and there were no clear-cut fruit symp 
toms. Fruiting in the Royal variety may be severely 
affected by virus gummosis although the ring pox virus 
produces no symptoms on this variety. 

In 1952 and 1953. buds were taken from 3 of these 
inoculated trees and used to inoculate additional trees 
f 


in the same row, about 100 feet distant. Sequence of 


svmptom development was similar to that in the previ 
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August 958 ATHOW AND DAVIS: RESISTANCE TO SOL 


ous test. Uninoculated trees have remained normal. 
It was realized that some microorganisms might have 

been transferred to the inoculated plants and were in- 

gummosis, Isolation 


failed to 


volved in producing attempts, 


while not exhaustive reveal a parasitic or- 


ganism. 
In 1954. 2 


were mo ulat 


ot several Prunus 


budding from diseased trees 


varieties 
Dut 
ted 


Italian 


trees each 


ed by 


) 
Ve 


ing the next 2 ars. no symptoms were dete on 


Montmorency cherry, Prunus cerasus | 


INHERITANCE OF RESISTANCE 
Kirk L. 


rO SOL TI 


Athow and 


SUMM 


The F resistant and 


segregation in a cross of a 


rHERN ANTHRACNOSE IN RED CLOVER 137 


prune, P. domestica | Napoleon (Royal Ann) cherry, 
r-101 (a 
Newcastle 


There was profuse gumming and necrosis locally 


, 
P. avium L.: or on hristensen numbered 


early-maturing selection), and Early apri 


cots 


around inoculating buds on Chinese® apricot, and 
much more extensive injury on Henderson and 
Wenatchee apricots. Winter injury made accurate 


he 


one check tree in each series did not show symptoms, 


reading impossible on Brooks and Wilson apricot 


IRRIGATION EXPERIMENT STATION 


Prosser, WASHINGTON 


IERN ANTHRACNOSE IN RED CLOVER 


Ralph L. Davis * 


ARY 


progenies from each of 14 F, plants as well as the 





requirements, southern anthracnose is most prevalent 
northern 
Both dis- 


eases frequently occur in Indiana and other midwest 


in the southern part of the clover belt, and 


anthracnose is more important northward. 


ern states. 
The first 

Bain and Essary 

1905. The 


of southern anthracnose was by 
(4). 

following 
as Colletotrichum trifolti (5) 


the 


report 


on red clover in Tennessee in 


described the causal 
\ ot 
susceptibility 
7 10, 
sistant strains 
All attempts 
to develop resistant strains have been through selec- 
Phe 
field 
susceptible 
One ot 
Purdue. begun in 1951, was an attempt to combine, in 
hybridization. the southern 


Kenland with the 


year they 


organism number 


have differences i 


workers noted 


of red clover strains to the fungus (1, 2, 6. 7, 8, 9. 


11). 


were the only practical means of control. 


It was the general consensus that re 


Kenland variety developed in this way has 
to but 


northern 


tion. 


resistance southern anthracnose, is 


to 


good 





very anthracnose, 


phase the clover improvement program at 


a single strain through 


anthracnose resistance of the variety 


northern anthracnose resistance of the varieties Dol- 
lard or Purdue. Southern-anthracnose-resistant Ken- 
i land plants and northern-anthracnose-resistant Dollard 
$ and Purdue plants were selected as parental material. 
‘4 Nearly 5000 } progenies trom Kenland Purdue 
oe and Kenland Dollard crosses were inoculated with 
“. ; ai ' 
K. caulivora. About 75 per cent of the plants. proving 
Pe 
om 
Accepted for publication March 3, 1958 
Journal Paper Number 1215, Purdue University Agricul 
rees. tural Expe riment Station. 
ricot 2 Associate Professor of Plant Pathology and Professor of 
Agronomy. respectively, Purdue University. 


a susceptible red clover selection was studied under total population segregated in a ratio of 3. sus 
artificial infection with Colletotrichum trifolii, the — ceptible to 1 resistant, indicating that resistance is 
causal fungus of southern anthracnose. The F. controlled by a single, recessive Mendelian factor. 
Southern and northern anthracnose of red clover — susceptible. were discarded. The remaining plants 
caused. respectively. by Colletotrichum trifolii Bain & were inoculated with C. trifolii. Again, about 75 per 
Essary and Aabatiella caulivora (Wirchn.) Karak., cent of the plants were susceptible. Although the re 
are recognized as destructive diseases in certain areas action of each parent was known to only 1 disease and 
of the United States. Mainly because of temperature a composite of several isolates of each organism was 


used, the proportion of susceptible to resistant plants 
suggested that resistance to each disease might be con- 


trolled 


Recognizing that the most effective 


by an independent, single, recessive factor. 


breeding program 


was contingent on understanding the mode of in- 
heritance, independent inheritance studies were ini- 
tiated with northern and southern anthracnose \ 
brief account of some of the work has already ap- 


peared (3). 


MATERIALS AND METHODS.-Fourteen F, plants were 


obtained from crosses between Res, 7-1 (a southern- 
anthracnose-resistant selection) and Sus. 5 (a south- 
ern-anthracnose-susceptible selection). The F, plants 
were caged together in the greenhouse and interpolli- 
nated by bees. The F. seedlings were inoculated at 38 
days with a spore suspension of single-spore isolate 
21-2 of C. trifolti. The infected plants were counted 


10 days. 
reinoculated 3 times at 20-day intervals. 


and removed in about Remaining plants were 
Following the 


third inoculation, only 1 plant of the susceptible check 


was not infected. The variety Dollard was used as the 
susceptible check 
EXPERIMENTAL RESULTS..-The F, progenies from 


each of the 14 F, plants segregated in a ratio of 3 
susceptible to 1 resistant (Table 1). The total popula- 


tion also segregated into a satisfactory fit to a 3:] 
ratio, indicating that resistance was controlled by a 
single. recessive Mendelian factor. Only 1 of 125 


plants of the variety Dollard remained disease-free. 


There were some differences in degree of suscepti- 


from Utah; probably also 
Not of Chinese origin, 


® Represents stock of Chinese, 


known as Large Early Montgamet 
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Papwi s ( subsequent generations since red clover is almost en- 





ihe f | tirely cross-pollinated. Preliminary studies indicate 
the possible existence of races of C. trifolii differing 
juare in pathogenicity. This could also account for the diff- 
culty in maintaining complete resistance in the variety 
Ky plar Kenland 
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PROPERTIES. ASSAY. AND PURIFI 


Myron kK. 


ATION OF 


WHEAT STREAK MOSAIC VIRUS 


Bi akke 


stMMARY 


streak 
vradient centrifugation and zone electro 


Wheat 


density 


mosaic virus was partially purified 


trom 
and 
(ine per 


extract 
titer 
of the purified virus. 


oresis. The addition of an 


wheat increased the infectivity decreased 
cent 


Infec- 


the stability 


ided sucrose had no effect on its stability 


tivity assays were performed by determining the per 


centage of infected plants inoculated with various 


The lo 
of plants remaining healthy was plotted against the 


dilutions glog of the inverse of the fraction 
logarithm of the concentration to give a straight line 


with a slope of 1. 
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Wheat streak h 


a common disease of wheat in the 


INTRODUCTION mosak whi 


virus 
Plains 
Keifer) 


aspects 


prop 
that 


causes Great 


area. is transmitted by the mite 4dcerta tulipac 


14 Many 


he disease 


papers on val 


hous 
( aused by 


itself. 


have appeared 
but few on the 


ated 


this virus, 


erties of the virus MeKinney LO st 


the virus was inactivated by heating infectious sap 10 
minutes at 55 C. Gold. Houston, and Oswald (9). who 
report {1 that sinuous rods 15 670 mu were asso 
ciated with the disease. were unable to obtain a highly 


instability. Burger 


purihed virus because of Its 


reported is was more unstable when partly 


describes experiments on purification 


with density-gradient centrifugation and zone electro 


used in 


hhoresis conjunction with procedures for pat 
ly denaturing normal proteins. The stability of the 
virus to certain of these denaturing procedures w 

ilso investigated. Data will be reported elsewhere or 


correlation of the sinuous rods electron 


seen In. the 


microscope with the infectivity of fractions from some 


of the steps in the purification procedure 

MATERIALS AND METHODS.—-lVirus source Phe type 
strain of wheat streak mosaic virus ATCC No, 29 (1 
was obtained from H. H. MeKinney The virus was 
transmitted by 4. tu/ipae* to wheat plants that were 
ised as the primary source of inoculum for stock cul 
tures. Either Cheyenne or Michigan Amber winter 


ised as host for the virus for both assay and 


Wheat 


stage by leaf stripping with a cheesecloth pad dipped 


wheat was 


source plants were ino ulated in the two-leat 
in inoculum containing suspended 500-mesh corundum 
r di silica 


Manville Co Plants 


ise conditions at 70 


(Celite. manufactured by Johns 


ilomaceous 
grown under ordinary 


100° | An 


were 


greenhor 


t vVaporative 


wler cooled) the greenhouse in summer Small 
imounts of diseased leaf tissue were eround in a mor 
il large imounts were put through a meat orinder. 


ind subsequent purification of extracts 
Accepted for public 


with the 


March 10, 1958 
Director as 


ition 
paper No 


I xperiment 


approval of the 
Nebraska Agricultural 
investigations between the (Crops Re 


{ SDA, and 


33, Journal Series 
Stator ( ooperative 
Agricultural Research Service, 
Agricultural Experiment Stat 


Division, Agricultural Re 


search Divisior 
the Nebraska 


-( hem st. ( 


lon. 
rops Research 

United States Department of Agri 
The mite transmission was performed by Dr. R 
University of Ne 


search S¢ rvice 
Staples, 
DrasKa 


Department of Entomology. 


were done in 


room kept at 2 + 1°¢ 
Model 1 


was used for all centrifugation. 


Unless specified 


otherwise, a Spinco preparative ultra 


centrifuge 


Density-gradient centrifugation.—Gradient columns 


for rate zonal centrifugation were made by lavering 4. 


7. and 7 ml of solutions 


100. 200. 300. and 400 


respectively, 


liter in |] 


containing, 


sucrose In 


per 


nitrocellulose centrifuge tubes at least 1 day before 


they were to be used (4, 6 Unless otherwise stated, 
the sucrose was dissolved in a buffer of pH 7.2 that 
had 0.0067M K.HPO, and 0.9033M KH.PO,. After 


i laver of floated 


were centrifuged 


64.000 (, in 


solution 2-5 ml had heen 
on each of the gradient columns, they 
it 24.000—25.000 R.C.F. 


the SW-25.1 Temperature of the 


virus 
| 
rpm (mean 


rotor. tube contents 


after centrifugation was usually 5°C. Samples were 
usually removed from the centrifuged tubes into a 
svringe through a 4-in. 20-gauge needle with a bent 
tip. which was slowly inserted into the column from 
the top. Samples were sometimes removed by punc- 
turing the sides of the tube with a l-in. 22-gauge 
needle 


Gradient columns for equilibrium zonal centrifuga- 


made by lavering 4 ml each of solutions con- 


tion were y 

taining 300. 400. 500. and 600 sucrose per liter in a 
| }-in. centrifuge tube or by lavering 0.9 ml of each 
of these solutions in a lo 2-in. centrifuge tube. One 


ml of virus preparation could be floated on the sucrose 


solution in the 42 & 2-in. tubes, which were then cen- 
trifuged 3-3! hours at 36.000 rpm (mean R.C.F. 
100.000 * G) in the SW-39 rotor. Five ml of virus 
preparation from the rate zonal centrifugation tubes 


equilibrium gradient col 


Then 7 ml of 


floated on top ol the virus layer to prevent collapse of 


each of the 


floated on 


umns in the ] 


Was 


}-in. tubes water was 


the tubes. Finally, the 
at 24,000 rpm in the SW-25.1 rotor 

Zone The 
tained a concentration 
S00—H00 2 
The 
from equilibrium zonal centrifugation, and the latter 
for those from rate zonal centrifugation. The buffer 
most commonly used had 0.01M KCI, 0.005M K.HPO,. 
ind 0.0005M KH.PO, with pH of 7.7-7.8. Sufficient 


release of 2-3 


tubes were centrifuged 7 hours 


electrophoresis. gradient columns con- 


sucrose ranging either from 


liter 
former 


or U LO0 g liter over a depth ot & cm 


(oO). were used for virus preparations 


voltage was applied to give a power 
U-tube. 
ceed until the virus had migrated 2 


watts per Elec trophoresis was allowed to pro- 


, 
»>cmM. 
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Infectivity a \ seri ft dilutions it either 
whole or half lo I 7 solution to be issayved 
was prepared in 0.01M neutral potassium phosphate 
buffer containing | per { Lite All dilutions were 
based on the or ! we f plant ti ie from which 
the extract wa id | 1 ihution Wa ised to 
inoculate 30-50 wheat n three 4 pots \s 
controls, the plant ts ere noculated with 
buffer used for tl d t f anv of these showed 
symptoms, the expr ' liscarded. The number 
of systemically infected was counted 10-14 days 
later Preliminary est é oO rus concentration 

LOO ) 





were made ny 
healthy plants) 


against log dilut lraw the traight line with 
a slope ot minu ) eared to give the best fil 
through the point nad ¢ iting the dilution that 
would have infected 63. pe nt of the plants Values 
of concentrations and t! lard deviations reported 
in the tables were « | the maximum likeli 


hood mie thod of | inne 


In all stability exy t tew intected assay 
plants inoculated wil mcentrations near the dilution 
end point were ina ed rate ol | entritugation 
for wheat streak n i In all cases a typical 
zone was obtained that se ented 85-90 per cent as 
fast as tobacco mo indicating that the virus 
measured in these expr ent was actually wheat 
streak mosaic virus instead of some contaminant picked 
up during the course rf VOTK Kverv 6 months the 
stock cultures wet f ved trom dried leaves ot 
plants inoculated should be a reliable 
procedure for eliminati ( viruses since this is the 
only mechanically trar le virus of wheat Known 


to be transmitted 


Rest LTS | t -orssOn equa 
tion was first applied to reting infection by plant 
viruses by Youden. Bi 1 Guthrie (16 \pplica 
tion of the equation nt resent manner was first 
reported by Plus , ! terpreting the issay ol 
the sigma virus of D melanogaster. Briefly. 
the main assumpt t all susceptible sites 


have the same ill inoculated plants 


have the same 1 r of eptible sites, and | virus 
particle may initiate tion if it is sufficiently 
close to the susceptible es f n the “intection 
initiating volume.” The »bability that an assay plant 
will remain healt to the probability (P,) 
of finding no infect t es i the “intection 
initiating volume \ rd to the Poisson equation, 
s°e 
P —. ¢ VI s the average number of 
; ()! 
particles in the infect tiating volume, and e is 
the base of natural logarithms. Since s is directly pro 
portional to the concentration, s ke The prob- 
ability that a plant will 1 iin healthy is ap proxi- 
mated by p. the fraction of say plants that remains 
healthy. The abe n reduces to log, p 
ke. where k is a constatr is the concentra 


tion of virus. Since it Is more convenient to use the 


logarithm of the concentration, this equation may be 


changed to log, log.— log,k + log.c. A plot of 


log, log = against log.c should give a straight line 
with a slope of 1. In a dilution series, ¢ is the “dilu- 
tion.” or reciprocal of the dilution factor (i.e. « 
1/10 for a 10-fold dilution). and k is then the concen. 
tration of virus particles per infection-initiating vol- 
ume in the original solution (1:1 dilution). When 
there is an average of 1 infectious virus particle per 
infection-initiating volume. s Ss 0.37, and log « 

log k. Therefore —1 times the logarithm of the 
dilution that results in infection of 63 per cent of the 
plants equals the logarithm of the concentration of 
infectious virus particles per infection-initiating vol. 
ume in the original solution. Results in this paper 
are expressed as logarithm to the base 10 of the num. 
ber of infectious particles per infection-initiating vol- 
ume. 

There are a number of sources of error in this meth- 
od that cannot be evaluated on a_ theoretical basis 
(mong these are variation in the susceptibility of the 
infection sites, variation in the number of susceptible 
sites, and the effect of “environmental factors.” For 
purposes of discussion, all of these may be put together 
as variation in size of the infection-initiating volume 
There is also an error in setting P, equal to p. Vari- 
ance of this estimate should be the usual proportion- 

P, (1-—P 


ality variance, —°® °’ where N is the number of 


N 
plants inoculated at 1 dilution. The corresponding 


variance in log, log. — is (12). The 
variance in the concentration calculated from the 
formula loglog log K - og « will he at least this 


large 


Three separate assays were made ot the same prepa 
ration to determine experimentally the magnitude ol 
the over-all error of the assays (Table 1). The origi- 
nal preparation was a crude extract from infected 


wheat plants that had been clarified by low-speed cen- 


trifugation. Three separate dilution series were made 
of this preparation: 107-1, 10-1! *, 10-29, 107-28 
1lO-*-",) and 10 for assay “A”; 10—1-4, 10-1* 
10—=:3, 10—2-8, 10—3-3, and 10 8 for assay “B”; and 
LO , 10-25, 10-=:7, 30—-=*, 10-54, and 10—-*-> t9 
assay “C.” In each experiment, all results from the 3 


assays were combined, each point weighted with the 
inverse of its variance, and the slope of the best-fitting 
straight line calculated by the method of least squares 


using formulae given by Bliss (3). The weight of each 


' 


point was calculated from the expected value of p al 


that dilution. which was determined graphically from 
a preliminary plot of the data. The slopes and their 
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standard deviations are given in column 2 of Table 1. 
In 2 experiments a slope of about 1 was obtained; in 
the other 2 it was less than 1. The chi square (x?) 
test shows that the data fit these lines satisfactorily 
except in the last experiment, where chi square is just 


significant at the 5°% level (3). 

The slopes in Table 1 were calculated after combin- 
ing points Standard 
slopes calculated from points of a single assay would 
Instead 


of calculating a slope for each assay or each group of 


from 3. assays. deviations of 


he even larger than those given in Table 1. 


assavs. it has been assumed that all assays would fit a 
line of the same slope. \ slope of | has been used even 
though it appears from data in Table 1 that a slope of 
somewhat less might give the best fit to the most as 
savs. A slope of 1 simplifies calculations, and, since 
there is a theoretical basis for it, it is also of interest 
to know whether a line of this slope fits the data. 


Finney (8) has given a maximum-likelihood itera- 
tive procedure using this loglog transformation for 
calculating the concentration of bacteria in a culture. 
His method of calculation was used for the 
with results in Table 1. 


empirical slope significantly different from 1 also gave 


present 
assavs. Experiments with an 
a significantly high value of chi square with this meth 
od of calculation. In these cases the variance of the 


estimate of log k was multiplied by where d.f. is 


x 
d.f 
the degrees of 


freedom (3). Following Finney’s pro- 
cedure, it may be assumed that the errors in log k fol 
low a normal distribution, and the 95 per cent con- 
fidence limits are given by 1.96 times the standard 
deviation. Since the 95 per cent confidence intervals 
of all the replicate assays in Table 1 overlap, it is con- 
cluded that this method of calculating the concentra- 
tion and its standard deviation satisfactorily describes 


the error in this assay. 
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requires only 1 cycle of calculation, but nevertheless 
is quite time-consuming. A simpler procedure is to 
determine graphically the dilution that would infect 
l 
p 
The results of this procedure for the 


63 per cent of the assay plants, by plotting loglog 


against log c. 
assays reported in Table 1 are given in column 6 of 
that table. 
age since the line through each set of points was drawn 


This is equivalent to an unweighted aver- 


so that the absolute values of the positive and negative 
errors were equal. The same results would have been 
obtained by calculating log k from each assay and 
averaging the results. This procedure allows one to 
judge roughly how well the assay conforms with the 
theory, but it does not indicate the error of the esti- 
mate of concentration. 

Correcting the standard deviation in assays with a 
high value of chi square by multiplying the variance 


° 


x- 
ry ~Is 
df. 


Varying the size of the 


a procedure that must be used with discretion. 


| 


infection-initiating volume, 
especially when p is either very high or very low, can 
If only l or 2 


inoculation with a high 


result in a high value of chi square. 
plants remain healthy after 
concentration of virus. or become diseased after inocu- 
lation with a low concentration, a high value of chi 
square will often result. In such cases, the above cor- 
rection should be justified. In other cases, a high value 
of chi square may be consistently associated with some 
treatment of the virus. and may indicate aggregation 
of the virus, the presence of substances affecting virus 
stability, or the presence of substances affecting the 
infection process. In these cases, the dilution curve 
obtained is probably not a result of virus concentration 
alone. Virus concentrations from such dilution curves 
should be ( ompared with caution, regardless ot method 
of calculation. 


Calculation of virus concentration from the fraction 


This maximum-likelihood iterative method usually of plants that remain uninfected at only 1 dilution 
Ta Lt { ry p fectivit wv wheat strea ’ , 
Logw k 
Exy v- for l nweighted Maximum 
\ Slope =lope if Repl i average likelihood y rt by 
\ 5.35 5.20 + 0.33 1 2 
0.53 + 0.21 6 B 5.35 532 + 0.17 12 2 
( 3.35 3.34 + 0.07 2.8 l 
\ 1 90 200 + 0.06 18 | 
2 0) 0.16 12 B 2.10 2.11 + 0.07 1.8 | 
( 1.95 »09 + 0.06 1.1 } 
\ 8 39 + 0.22 16.7 } 
0.64 + 0.14 14.0 13 B 3.05 2.88 + 0.06 10.9 ) 
( , 30 12 + 0.20 91.7 } 
\ 2.30 294 + 0.07 95 } 
j (0) 06 0.22 99 7 yA B 245 235 + 0.06 72 j 
( > 10 213 + 0.07 25 4 
Degrees ol treedom, 
This is the ogarithm ot the number of intectious particles per 1 t initiating volume and Is qual te i times the 
logarith n of the dilution that infects 63 oft the assay plants. 
Standard deviation. The 95% confidence limits are given 1.96 times the standar iation 
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must be considered to have a larger error than that due 


to the proportionality ilone, particularly if 


VaTiahce 


p is very high or very low. There is no way of testing 


a l-point assay for goodne f fit or significant value 
of chi square Further: e trequency distribution 
| 
i 
ot loglog ms slighty Kewed at low ind hig values 
p 
ot }) 
As with all bioassays for plant viruses. conciusions 
as to relative concentrations can be made only for 


those assays performed at the same time 
Effect of 


periments showed that the infection 


y 
lures Preliminary ex- 


dena 


is entity sedimented 


85-90 per cent as fast as tobacco mosaic virus in rate 


zonal centrifugation. However. no zone was seen with 


an untreated crude extract. Freezing a crude extract 


did not i visible Zone However if a crude 


result in 


infected wheat leaves 
adjusted to pH 


clarified by low speed 


extract prepared by = grindi 
with twice their 
6.0—-6.5. heated 


centrifugation. 


weight of water was 
an hour at 40 4 


ind then ven rate zonal centrifuga 


tion (2 hours). a zone was sible at a depth of about 


2.0-2.5 ecm. If 2 ml of clarified extract was floated on 


) 


the gradient column. the resulting zone was usually 2 


WwW ide. 


mm with sharp edges. Five experiments, some 
with different collections of virus. showed that samples 
removed from this visible zone were 100-1000 times as 
infectious as sample s removed 2 mm above this zone. 
Extracts from infected plants heated at pH 7.0 or 
8.0 for 1 hour at 40°C did not yield a visible zone, 
whereas solutions heated at pH 0 gave only a very 
faint zone. Heated extracts gave a visible zone only if 
they were made from the 2 or 3 youngest leaves of 


infected wheat. The nor onstituents of old leaves 


seemed to he more resistant to heat denaturation The 


term “denaturation” has been used here to describe 
the changes that occurred during heating at 40°: it is 
realized that some of thes inges mav have been due 


to enzyme action 


An extract heated 10 or 20 minutes at 40° at pH 
6.0—-6.5 did not give a \ le zone, whereas one heated 
30, 60. or 120 minutes did give visible zone. Extracts 
heated 3 hours or more at 40° gave no visible zone 

In many experiments | ide extract was shaken 


with chloroform and/or n-butanol under a variety of 
experimental conditions hoa: 2 \ few very clean 
zones were obtained after rate onal centrifugation of 


treated extracts Howe vel these ZONES could not he 


consistently obtained In eneral, the results obtained 


in this series of experiments were erratic, both as re 


gards the survival of infectivity and_ the appearance 
of a visible zone after rate centrifugation. Re 
sults were seldom as good as those obtained after heat- 


ing for 1 hour at 40°¢ 


Those treatments result in appearance 


lac k ot 


a visible zone indicated that the treatment was not use 


of a visible zone wet tigated further 


ful for purification. The ease with which a zone may 
he seen depends on the ratio ot hg —T ittered trom 
the zone to that scatt egions directly above 
and helow and = theretore rougt ndication of the 
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ratio of the concentration of particles in the zone to 
the concentration in the regions above and below. 
Equilibrium zonal centrifugation —When a sample 
of the visible zone obtained from rate zonal centrifuga. 
tion was used for equilibrium zonal centrifugation, in. 
sedi- 
than the green zone of chloro. 


fectivity was associated with a visible zone that 


mented slightly faster 


plast fragments, but was not completely separated 
from it. None of the normal plant constituents sedi- 


further than the virus. 
Additional 


a complete separation. 


mented but some appeared to 
centrifugation did not 
Many of the normal 


constituents did not sediment into the layer of sucrose 


sediment as far. 
produce 


solution containing 300 g/liter. These apparently had 


g 
\ complete separation of the virus from 
this After 


equilibrium zonal centrifugation, the virus zone was 


a low density. 


these components was obtained in step. 


usually 1.5 cm from the bottom of the % 2-in. tubes, 


and 2.0 em from the bottom of the 1 3-in. tubes, 


Zone 


of a sample from the visible virus zone obtained by 


electrophoresis. Zone electrophoresis at pH 


in 3 light-scatter- 
the middle 


zone since samples removed from it were 10-100 times 


rate zonal centrifugation resulted 


ing zones. Infectivity was associated with 
as infectious as samples removed to within 1-2 mm 
above or below this zone. The fastest zone was green, 
and at least 
Neither 
the green zone nor the virus zone changed width appre- 
The 
green zone were not separated alter electrophoresis at 
pH 6.0 or pH 7.0 with buffer containing 0.01M KCI 


and 0.005M potassium phosphate. 


whereas the slowest zone Was colorless 


twice as wide as either of the other 2 zones. 


ciably as migration proceeded. virus zone and 


Purification of larger quantities——The above experi- 


ments were all made with unconcentrated crude ex- 


tracts. The most promising steps were selected and 
combined with 1 cycle of differential centrifugation to 
give a procedure for purification of larger amounts: 
;00—400 « of wheat were 


young leaves from diseased 


‘ 


ground and the pulp mixed with an equal weight of 
0.0IM KHPO,. 
cloth, the extract was heated to 40 ¢ 

held 1 bath. 
then cooled and centrifuged 25 minutes at 20.000 rpm 
10.000 * G) in the No. 30 rotor Phe 
pellet was discarded and the supernatant centrifuged 
78.000 G) 
in the No. 30 rotor. This pellet was suspended in 15 
ml of 0.1M pH-7 phosphate buffer. Five ml was floated 


on each of 


\fter it was squeezed through cheese- 
over a burner and 


hour at 40°C in a water The extract was 


(mean R.C.F. 


)1 


2% hours at 30.000 rpm (mean R.C.F. 


} “rate” gradient columns and centrifuged 
2 hours at 24,000 rpm in the SW-25.1 rotor to give a 


virus zone 2.5-3.5 cm deep. Five ml was removed from 


each tube at a depth of 3.5 cm and floated directly on 
an “equilibrium” gradient column in a 1 3-in. tube. 
\fter 7 ml of had floated on the 
solution, the tubes were centrifuged 7 hours at 24.000 
rpm in the SW-25.1 rotor. About 1.7 
from the tube and 0.9 ml 
The buffer 
solution were thoroughly mixed and 1 ml floated in 1 
leg of each of 6 U-tubes. 


water been virus 
| 2 > 
m Was removed 


buffer 
and virus 


virus zone of each 


added to the combined samples. 


Five hundred volts was ap 
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TABLE 2 Stability of unpurified wheat streak mosaic virus 


at 40° ¢ 

Log. concentration surviving 
hr 

pH Expt. | Expt. 2 bhi (cale.) 
5.5 1.20 > 0.07 1.00 + 0.07 0.7 28 
6.0 1.19 + 0.19 0.99 + 0.06 0.7 28 
7.0 1.71 + 0.06 1.40 + 0.06 1.9 7 
8.0 0.72 + 0.17 1.39 + 0.06 0.6 97 


( ontrol 


at O°¢ §.05 > 0.13 5.50 + 0.06 


*Logarithm and standard deviation of the number of in- 
fectious particles per infection-initiating volume. 

Standard deviation corrected for a high value of y2. 

Calculated percentage that should have survived 1 hour 
if its destruction is a first-order reaction. 


plied, to give 6-7 milliamperes per U-tube, and elec- 
trophoresis allowed to proceed for 8-12 hours. The 
virus zones were removed, diluted with an equal vol- 
ume or more of buffer and centrifuged 2 hours at 
36.000 rpm in the SW-39 rotor. The supernatant was 
discarded and the pellet taken up in an appropriate 
buffer. This final pellet was often slightly yellowish- 
green, even though the green zone had appeared to be 
completely separated from the virus zone during elec- 
trophoresis. All gradient columns were made from su- 
crose dissolved in the electrophoresis buffer, which 
was 0.0IM KCI. 0.005M K.HPO,. and 0.0005M 
KH.PO,. 

The over-all yields in this procedure. judged by in 
fectivity assays. varied from 1 to 10 per cent. The 
purified virus was not weighed, but it is doubtful if 


more than | mg was obtained at a time. The final 
pellets obtained in 42  2-in. tubes were no more than 
7 


2-3 mm in diameter. 


Stability of unpurified virus.—Four samples of crude 


extract from infected plants were adjusted to pH 5.5. 
6.0. 7.0. and 8.0 and heated 4 hours at 40°C. Pre- 
liminary experiments had indicated that these con 
ditions should give about 1 per cent survival. The 
infectivities of the samples were compared with that 
of a fifth sample, at pH 7.0, kept at O°C. Results from 
2 such experiments are shown in Table 2. More 
virus was lost in the second experiment than in the 
frst. except for the samples heated at pH 8.0. which 
may be the result of substances in wheat extracts 
These 


substances may vary in concentration from time. to 


affecting the stability of the virus (see below). 


time. 

Phe last 2 columns in Table 2 show the average per- 
centage of infectivity that survived 4 hours in the 2 
experiments. and the calculated percentage that should 
have survived 1 hour if its destruction is a first-orde1 
reaction, 

Effect of wheat sap on assay Of purified virus. In a 
preliminary experiment on its stability, a sample of 
purified virus heated 2 hours at 40°C after addition 
of healthy-wheat sap gave a higher infectivity. titer 
than a control sample. unheated and inoculated with- 


out addition of wheat sap). The most plausible eX- 
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planation appeared to be that wheat sap affected 
eficiency of inoculation, increasing the apparent titer, 
and experiments were designed to test the hypothesis. 
Two experiments were performed with preparations 
purified by the procedure given above (heating, differ- 
ential centrifugation, zonal centrifugation, and zone 
electrophoresis). The sucrose was not removed from 
the final preparation. Samples of this preparation, 
which had a dilution of 30:1 (1 ml from 30 g leaves), 
were diluted 10-fold with 0.01M neutral potassium 
phosphate buffer or healthy-wheat extract. The latter 
was prepared by macerating wheat leaves in a morta: 
with twice their weight of 0.01M K.HPO,. The ex- 
tract, of pH 6.2-6.5, was used without further treat- 
ment after being squeezed through cheesecloth. The 
virus samples were allowed to stand 1 hour at 2°C 
after the initial dilution, and then further diluted with 
0.01M neutral potassium phosphate buffer or healthy- 
wheat extract. for inoculation into plants. In both ex- 
periments, the samples to which healthy-wheat sap 
was added before dilution with buffer had a titer 4 
times as high as that of samples diluted with buffer 
only. Samples in which the entire dilution series was 
prepared with wheat sap gave an intermediate titer. 
Stability of purified wheat streak mosaic virus. 

Burger (7) reported that wheat streak mosaic virus 
purified by 1 eyele of differential centrifugation lost 
all infectivity after storage for 16 hours at 4°C. He 
further reported that this loss was prevented by add- 
ing | per cent glycerol, glucose, or sucrose, or 0.1 per 
cent gelatin, and suggested that the virus may be sta- 
Loss of 


stabilizing factors might account for some of the low 


hilized by similar materials in plant extracts 


yields obtained in the present work; restoring sta- 
bilizers might increase yields. However, since none of 
the present purified preparations lost infectivity com- 
pletely, an attempt was made to confirm the action of 
these stabilizing factors. 

Six ml of a virus preparation (made by heating. 
differential centrifugation, zonal centrifugation, and 
zone electrophoresis) was diluted with 8 ml of 0.01M 
neutral phosphate buffer and centrifuged 2 hours at 
36.000 rpm in the SW-39 rotor 
suspended in 14 ml of the same buffer and the virus 


rhe pellets were re- 
again centrifuged down. The pellet was resuspended 
in 1 ml of buffer. This preparation gave a negative 
Seliwanoff resorcinol test for fructose (11). This test 
gave a positive result when 0.01 per cent sucrose was 
added. Aliquots of this preparation were diluted with 
1 volumes of 0.01M neutral phosphate buffer. with 


1.25 per cent sucrose, or with 


buffer containing 
healthy-wheat extract. The healthy-wheat extract was 
prepared hy macerating wheat leaves with twice their 
weight of 0.01M K.HPO,, filtering through cheese- 
cloth. and adjusting to pH 7.0. The 3 virus solutions 
were heated at 40°C and samples were removed at 2 
hours and 6 hours and cooled. Missing components 
were added to give all samples the same composition, 


Healthy- 


wheat extract heated 6 hours was added to the un- 


except for active virus, when inoculated 


heated virus sample The results of the infectivity 





TaBLe 3.—Sta wh, 
f } a 

Virus hea ( f nee 

0.01IM phosphate { 14 0.14 

1% sucrose O06 

Wheat extract a ) t+ () ( 

Unheated control - O06 


Logarithm i! 


Virus particles per 

Standard lf i! 
Square 
assays are given lal lata indicate that 1 
per cent sucrose had no eff } thre <tab \ of the 
purified virus ind tha wheat extract d 


creased the st ibility of 


Since the 


resull ot the Cpe! 


( pport con 
clusions exact] the pposite | those reached by 
Burger (7). a series of expr ents were performed 
using his purification t e. Young wheat leaves 
infected with wheat streal rus were ground 
In a meat grinder and the eezed trom the pulp 
Acetic acid was added tract to pH 4.9 
After it had stood 1 hour { t was centrifuged |] 
hour at 3.600 G in the Set Model-SPX centrifuge 
The supernatant was ad H 6.0 with N NaOH 
and left overnight at »”( \ riot was saved tor 
infectivity assay and tl entriftuged | hour 
at 30.000 rpm in the No. 30 rot The pellet was re 
suspended in water (1 n 100 @ leaves ind 2 hours 
later this suspension was hed by centrifuging 
hour at 3.600 G in the S ill Model-SPX centrifuge 
The supernatant was left overt ht at 2°¢ ind series 
of dilutions prepared in 10 tens. Distilled water 
was the diluent in 1 rie the second series 
healthy-wheat extract i 1 for the first dilution 
and 0.01M neutral phosphat ler for further dilu 
tions The unpurified crude xtract and the clarified 
extract at pH 6.0. bot iad been stored at 
a were assayed at the e time as the concen 
trated. partially purifie Che results are shown 


in Table 4 





According to these data tl purified virus prepara 
tion was about 1/10 as infectio is the concen 
trated extract after clarificat t pH 4.9 and read 
justment to pH 6.0. The lo if infectiousness could be 

! ’ due to instability. loss t rifieation procedure 
) vo or differences in efficie: rf culation. Only half of 
the virus should ive ee! edimented during the 
hour's centrifugation if OULU The 10-fold loss 
. reported here may be ) exp! wn Burge s re 
sults since he ipparently no ited dilutions cove ring 
. only a (0-fold range and. furthermore. cor ipared re 
sults of assavs from inoculations ide on different 
days \ 10-fold leere 1 ier tf se conditions may 
have resulted in no infected iv plants 
, Discussion.—-The wheat streak osaic virus Is not 
; easy to purify, because of its low concentration and 
moderate instability s itions obtained \ 
‘ 
i] 
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a combination of zonal centrifugation and zone elec- 
trophoresis were quite pure as judged by the absence 
of othe 
rhe 


as judged 


light-scattering zones in the electrophoresis, 
Percentage vield 
added 


Ineasurements 


vields were small and variable. 
without wheat 
These 
were probably low. since it was later shown that added 
the titer of 
The apparent yield varied from 1 to 10 


by infectivity assays 


sap varied from 0.1 to 5 per cent 
wheat sap increased apparent infectivity 
purified virus. 
per cent in experiments where the purified virus was 
addition of healthy-wheat There is 


issaved atter sap. 


no assurance that the assays of purified virus. even 


after addition of wheat are completely compara- 
ble The results of the 


infectivity assays indicate that two thirds of the virus 


sap, 


with those of unpurified virus. 


was lost during the initial heating for 1 hour at 40°C. 
In several experiments the pellet of the rate zonal 
centrifugation tube contained as much virus as. the 


lost be- 
zone and in the pellet of the equilibrium zonal 


zone variable amount of virus was 


itself. \ 
low the 


centrifugation tubes. Up to 70 per cent of the virus 
put on the equilibrium column was found below the 
zone: at other times this fraction had almost no virus. 
Incidental observations have indicated that this virus 


has 


purity 


a tendency to aggregate when a certain degree of 
the variable 
Taking 


the expected vield would he 


is obtained. This may account for 


losses in the equilibrium zonal centrifugation 
of these 


account losses, 


15 


step hres iuse of inability to remove zones completely, 


cent. Further. smaller losses oceur at each 


[oe 
} I 


Gold. Houston, and Oswald (9) estimated. from 
particle-counting experiments. that infected wheat 
leaves contain 10-50 we of wheat streak mosaic virus 
per g. Assuming an over-all yield of 10 per cent. 0.3 
1.5 mg of purified virus should be obtained from 300 
v of leaves. The final pellets obtained in the Yo ™ 2-in. 
tubes were no more than 2-3 mm in diameter. a size 

onsistent with the expected yield of 1.5 mg or less. 

Contrary to earlier reports. extracts from healthy 
wheat made the vurifed virus more unstable. On the 
other hand. healthy-wheat extracts increased the ap- 
parent titer of purified virus if added shortly before 
inoculations were made for infectivity assays. Thus the 
wheat extract has at least 2 effects. which may. at 
times. counteract each other, 

Papi | Infectivity assay after storage for 16-20 hours at 
re / wheat streak mosaic virus purified by 1-cycle 


flerential centrifugation 


concentration 


Virus preparation Expt. | Expt. 2 Expt. 3 
Crude extract 1.80 + 0.09 1.47 + 0.22 1.28 + 0.29" 
(_Jarifve extract 
at pH 6.0 1.43 + 0.07 0.93 + 0.08 1.34 + 0.08 
Purified virus 0.04 > 0.08 0.07 + 0.07 0.19 + 0.08 
Purified virus 0.36 + 0.11 0.10 + 0.28 —0.43 + 0.154 
Logarithm and standard deviation of the number of in- 


fectious particles infection-initiating volume. 


per 


Diluted with distilled water. 

Diluted with O.OIM > potassium phosphate buffer atter 
iddition of healthv-wheat extract 

Variance corrected for a high value of chi square 
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In the various stability experiments it was assumed 
that the loss of virus and normal proteins was the 
result of heat denaturation. It is realized that this may 

’ 


not be the whole story. since enzymatic action may also 


have played a part If the virus was destroved in part 
hy enzymatic action, the calculated percentage losses 
The present assay method 


e kinetics of the 


in Table 2 may not he valid. 


is not adequate for determination of t 


heat destruction of this virus. 

The data in Table 2 indicate that there was little 
difference in stability of the virus between pH 5.5 and 
6.0. On the other hand, extracts heated at pH 5.5 gave 
no visible zone after rate zonal centrifugation. whereas 
those heated at pH 6.0 did. Two explanations may be 
advanced for this: the virus may be more highly 
aggregated at pH 5.5 than at pH 6.0: or more mor- 
phologically intact but noninfectious particles may be 
present after heating at pH 6.0 than after heating 
al pH aad 
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REACTION OF SWEET POTATO VARIETIES AND SEEDLINGS TO SOIL RO’ 


W. J. 


Martin 


st MMARY 


' 


Studies on varietal reaction to soil rot of sweet 
tato incited by Streptomyce Person 


ind W. J. Martin) Waksm. & Henrici have shown 


rather clear-cut differences among varieties. sele 


ipomoe ad 


ns. and breeding lines. ranging from very. strik 


ing susceptibility (in Unit 1 Porto Rico, the prin 
cipal variety planted in Louisiana) through some 
degree of Heartogold and 
\cadian varieties) to considerable resistance (in 


tolerance (in the 


certain other selections and breeding lines) 





Soil rot incited hy Strepton ces tpomoed (Person 
ind W. J. Martin) Waksm. & Henrici.* annually causes 
heavy losses to the sweet potato industry in Louisiana. 
During the last decade it has been by far the most 
mportant field disease of sweet potato in the state. 


\ pra tical held control developed in 1937 15 4 be- 


Accepted for publication March 27, 1958 
Louisiana Agri 
tation. Baton Rouge. Louisiana 
Person, L. H., and W. J. Martin 
sweet potatoes in Louisiana. Phytopathology 30: 913-926 
*Person, L. H. 1946. The soil rot of sweet potatoes and 


its control th sulfur. Phytopathology 36: 869-875 


19140 Soll rot ot 


came less attractive as sulfur cost increased and the 
disease spread to more diverse soil types. where lower 
ing the pH was less desirable from the standpoint of 
succeeding crops. 

Since 1948. observations and experiments have been 
made on the relative reaction to soil rot of sweet potato 
varieties. breeding lines. and seedlings” to determine 
Appreciation is hereby expressed to members of the 
Horticulture Department, Louisiana Agricultural Experi- 
nent Station, Baton Rouge, Louisiana, who furnished many 
if the sweet potato selections used in these studies. and to 
(. E. Steinbauer, Plant Industry Station, Beltsville. Mary- 


ind. who furnished the Plant Introduction selections 
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the prac ti ability 


ing a good root sys 
infested soils 
developed sever 
in this variety 

ot produc ing an 


escaping the severe ¢ 


method of evaluat 


trons to soil rot 





vine gZroutl if O sweet potato varieties in pilots heavi y in- 

,O 1) 

1 - ' } orc 195 

1956 Experiment Combined 1955 & 1956 
shels acre Vine Bushels acre Vine 
No growth U.S. No. growtl 
& 2 Tota rating 1&2 Potal rating 
0.0 1.8 1.0 19.8 9.8 1.1 
75 193.3 ya! 60.#R 161.5 2.13 
0.0 2.3 1.0 6.8 92.8 l.] 
a 63.0 20 56.0 112.3 2.50 
5.5 523.3 0 144.0 279.8 >. 
81.5 244.3 0 105.0 290.0 ,(y 
0.0 8414 1.30 29 8 15 O54 

Y 114.6 wey 10.5 5. 0.4! 
rated - ( ~ ] poor 2. fail good 


tions of moisture and temperature must be caretully 
controlled to obtain severe rootlet rot in sterilized soil 
heavily infested with S. ipomoea.* Therefore. it has 
been necessary to rely largely on field experiments in 
infested soil for information on varietal reaction 

MetrHops.—Data were obtained from replicated. ran- 
domized field plots planted during May to en-ure 
maximum disease development. Rating of vine growth 
was made about 7 and. in some cases, 1] weeks after 
planting. Plots were kept free of weeds up to the time 
of rating. then left undisturbed until harvested. At 
harvest time all roots in each plot were sorted into the 
different grades and weighed. Yield data were con- 
verted to bushels per acre. 

Resutts.—Highly significant differences in vine 
growth were found among varieties and selections in 
most of the experiments made in heavily infested soil 

Tables 1 and 3). Outstanding in this respect were 
the Heartogold and Acadian varieties and Louisiana 
seedlings 2-61 and 3-7 (Tables 2 and 3 These varie- 


ies and seedlings were outstanding also in vield of 


| ) 
marketable roots (| ae orades No ] and Zz An mg 
\ 2 Vear vile ni Hushe per a e¢ JZ 
ne growth otf sweet potat arieties ar S¢ gs 
fs ightiyv i feste u th Nery , ‘ a 


OF 1 Por Rico 140, 62 42.1 
Darkskin sh 157.8 2.5 16.0 
Earlyport 126.3 12.0 254.0 ; 
Hear ue 171.5 LO 50 
\cadian 209.5 } 0.0) é 
La. 2-4 were ing ci HY 
La. 3-7 seedling 92.3 8.5 282.3 ) 
La 47B seeding 87.5 é és 
LSD 9.5 me 
n.s . n.s : 
Mean of 4 replicates wit! = 40 f ng 
he g t Nas rated as . | ‘ Z 
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TABLE 3 Vean yield in bushels per acre, mean rating of vine growth, and root lesions of sweet potato varieties and seed 
gs in plots heavily infested with Streptomyces ipomoea at Sunset, Louisiana. 1957 
Bushels acre 
U.S. No. Vine growth Root lesions 
Variety a seedhin 1&2 Potal (At ¢ weeks At 11 weeks at harvest 
Experiment | 
Unit 1 Porto Rico 35.0 98.8 18 20 28 
Acadian 152.0 518.3 0 22 :.8 
La 1-80 seedling 67.8 161.3 20 20 23 
La ] 183 seedling 5.0 IO. 1.0 15 , 4) 
La. 2-61 seedling 88.0 186.5 0 3.0 1.0 
La. 3-80 seedling 0 7.0 1.0 18 :() 
La. 3-151 seedling 94.0 215.0 ~ 2.5 2.0 
LSD 5 | 78.9 0.87 < 0.44 
i 69 106.2 | 17 n.s 0.59 
Exper ent a 
Acadian 134.3 298.8 2.3 ,0 } 
La. 3-7 seedling 129.5 228.0 ya 0 1.0 
La. 4-12 seedling 0) 14.5 1.3 ] 0 
La. 4-142 seedling 10.0 97.0 15 20 20 
La. 4-148 seedling 21.8 72.3 1.8 1.0 93 
La. 5-93 seedling 6.0 15 1.0 . 28 
La. 5-94 seedling 10.0 134.5 28 2g 95 
LSD 5 19.6 91.7 164 0.71 0.71 
] 66.8 123.4 0.87 0.96 0.95 
*Mean of 4 replicates in each experiment, with l-row plots 40 ft. long in experiment ind 20 ft. long in experiment 2 
Vine growth was rated as follows: 1, poor: 2, fair; 3, good 
Roots were rated for lesions as follows: 1, slight, 2, moderate , severe. 


Differences not significant, 


Darkskin 


higher in 


and All- 


vield in 


Goldrush 
total 
Porto Rico and Earlyport, both of 


the other varieties both 


gold 
tests than 


significantly 
Unit ] 
which vielded very poorly in the heavily infested soils. 


were some 


Great variations in yield were evident from 


year to 
year in the same infested soil (Tables 1 and 3 


Yields 
} 


of most varieties were somewhat higher in the wet 
growing seasons of 1955 and 1957 than in the relatively 
1956. An 


2-61. 


resistant 
1957 for 


Soil rot Is 


dry season of exception was the 


seedling La which yielded poorly in 


reasons other than apparent disease most 
severe during dry seasons. 
Reaction of the Acadian variety to soil rot is consid 
ered similar to that of Heartogold. with somewhat less 
with the same character- 


tolerance to the disease but 


istic of producing abundant roots rapidly after setting 


oft the plants. Lesions developed abundantly on roots 
of the Acadian variety (Fig. 1A). with slightly less 
tendency toward the early development of lesions that 
results in deep constrictions of the root in other varie 


ties. The loss percentage from severe infection on en 
larged roots of the Acadian 
Table 4 under the “Acadian-untreated” column 
of U. § rades No. ] 


le sions 


variety is indicated in 


Yield 


| free of 


and 2 roots (relatively 
was 96.5 bushels per acre. whereas yield of 
ulled lesions) from 


No. 1 and 2 was 64.7 bushels per acre 


ibout 40 per 


roots « Ws 


Thus a 


from soil rot 


because of grades 


cent of marketable vield 


lesions is indicated in the Acadian variety grown in 


heavily Inteste d soils 


The seedlings La. 2-61 and La -7 are considered 


Heartogold ind Acadian to the 


more resistant 


than 


development of soil rot lesions on roots 


Seven | Agriculture Plant Intro- 
duction selections planted in 1957 in 4-replicated plots 
failed to 
tolerance to soil rot. These were P. 1. 207705. 
208804, 208885. 208887, 208890. 208891 


indications of a high resistance 


Ss. Department ot 


in heavily infested soil show any striking 
208645, 
How- 


were 


and 


CVCr. type of 


found in an observational plot in 1957 planted with 


single-row plots of 18 P. IL. selections and 15 Louisiana 


P. 1. 20888 


seedlings 8883 produ f d a high vield ot lesion- 


PABLI } Vean vie ot 2 sweet potato varieties, in i ishels 
er acre. of l S. er es Ne l and ? roots, of roots 
n size range oft / S. grades Vo. l and 2 but ulled 
Dect se of sol rot fesions, total vieid tinciuding all 
s) and mear pH a es ptots heavily inte sted 
wit! Strepton es omoea atl {rnaudville Louisi- 
ana, 1957 
Bushels acre 
uU.s Cull 
No No pH 
\ arieties and treatment & 2 1&2 Tota alues 
Unit 1 Porto Rico. untreated 0.9 8.2 15.0 6.8 
Unit 1 Porto Rico. treated 17.7 1.4 5.5 9.9 
(\cadian, untreated 965 64.7 201 6.9 
\cadian, treated 125.2 29.3 192.5 2 
LSD 5 22. we 30). 2 


Treated plots received sulfur at the rate of 600 |b. per 
acre in the fall of 1956. Sulfur applied was insufhcient to 


ice pH to the lesired 5.0 level for control of soi ret. 


{6 ret ites. wil -row plots 50 ft 


long. 





148 {y 


LOPATHOLOCGY 





Vol. 48 








free roots, and P. I. 219660 | la high seedlings and, possibly, some P. IL. selections. a thor- 
relatively few lesions the e test 1. 3-131 and = ough search should be made among the numerous 
La. 4-136 also had od t low incidence of available sweet potato selections for breeding lines 
disease with higher resistance to the disease. 
The data given clear l trate 
commercially valuable degre rance to soil rot a, EO ere 
among sweet potato iriel I iso suggest LOUISIANA AGRICULTURAL EXPERIMENT STATION 
that, since there is a { ee of resistance Baton Rovuce, Loutsiana 
FERTILIZERS INFLUENCE THE INCIDENCE OF TOMATO INTERNAL 
BROWNING IN THE FIELD! 
Saul Rich 
SUMMARY 
Late inoculation with Boyle and Wharton's C-IB than 1 picking from the same plant. Some _ plants 
Tob strain of tobace ilone did not showed IB, then were free of IB for 1 or more 
induce internal browni IB) of tomatoes in th pickings, then showed IB again. These skips are an 
held When nutritional ft potassiun ind ipparent contradiction of the shock reaction theory 
phosphorous were varied, [IB wa nificantly worse of Boyle and Wharton. The contradiction is best re- 
in virus-inoculated plo High potassium signifi solved by Taylor's hypothesis. that IB may result ’ 
cantly reduced IB noculated plots; high from any cause that restricts the movement of 
phosphorous had littl Ih W n more sugars into the developing fruit 
Tomato internal v IB i chlorotic and The experiments described here were done in 2 
necrotic ripening disorder of tomato fruits, has re vears, 1956 and 1957. The 1956 experiment was de- 
: cently been described by Boyle and Wharton (3) as a signed to test the importance of virus alone as the 
shock reaction to a virus infection of a previously vil cause of IB in Connecticut. The 1957 experiment at- 
free plant. These workers could find no evidence that tempted to relate potassium and = phosphorous soil 
fertilizers influence the incidence of internal browning applications and virus inoculation to the incidence of 
: in the field. Taylor (4 york with carefully con IB 
trolled greenhouse experiments. found the incidence 1956 EXPERIMENT..-The 1956 experiment was car- 
Pe of the disease in virus-infeete lants to be greatly ried out on adequately and uniformly fertilized land. 
influenced by nitroger I ( nutrition Kror i Sioux variety seedlings were set out. 4 plants pel plot 
* leaf and fruit i! lyses i I elieves that IB and 16 plots per block, in 4 randomized blocks. The 
“i the result of interference th t novement of redu virus inoculum, kindly furnished by Dr. John S. Boyle, 
, ing sugars to the developing { He postulates that was the strain designated by him as C-IB-Tob (3). 
a any conditions that restrict | vement of reducing Four of the treatments received virus. The plants in 3 
‘ sugars may bring about IB. Kidson and Stanton (5 of the virus treatments were inoculated by the method 
R in New Zealand, and Bewley and White (2 Ene of Boyle and Wharton. by injection with a hypodermic 
land. working with what the ill “blotehy-ripening syringe into the peduncle of the first cluster when the 
-. of tomatoes, reported that | potassium fertilizing largest fruits on the cluster were li } grown. The 
‘ reduces the incidence of Kidson and Stan plants in the fourth virus treatment were inoculated at 
: ton concluded that the dis New Zealand is the the same time. by injection into their stems. There 
~ result of an abnormally low organic matter content in were no visible foliage symptoms of virus in the field at 
. . the fruit. Neither Kidson and Stanton nor Bewley and the time of inoculation. Within 10-14 days, typical 
. White investigated the relat 1} virus infection to chlorotic foliage symptoms appeared on the inoculated 
their tomato fruit disorde: Whether “blotchy-ripen plants. The virus spread through the uninoculated 
ing” is identical with the Ame IB is not known plots during the rest of the season. 
* Stoner and Hogan (6) could find no vir involved in When the fruits were fully ripe on the first 2 clusters, 
the production of raywa Florida. The symp they were examined externally and internally for IB. 
; toms of graywall appear to be identical with those of | Of the 3177 fruits examined, only 35 showed IB, only 
internal brownins 2 of which were from the inoculated plots. 
L957 EXPERIMENT. — To impose appreciable differ- 
T Accepted lor p \ oD ences in nutrient levels, the 1957 experiment was car- 
. ri, a 7 ae aces ‘ a . bg 4 — oe. d out on a piece of land that. at the start. had potas- ' 
RS ta RR ; me sium and phosphorous in amounts just sufficient to 
of these experiment support plant growth. The entire area to be used re- 
‘ 
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of 
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Paste |. Percentage of total fruits that showed interna between the amounts of IB in VPK. VP. and V. There 
ening (199/) was also no significant difference between the amounts 
of IB in P, K, and the check. 

: ~ = = lhe incidence of IB through the season in each treat- 

Treatment =} = > Avene ment is shown in Table 2. In every treatment the dis- 
VK 6.7 144 9.3 8.8 9.3 6.4 9,2 ease generally became progressively more prevalent 
\P 16.7 23.2 32.1 lI + 6136 10 iS 3 with each successive picking. In almost all cases there 
_ Pg s “f° 149 y: = “y was less IB in the first picking than in any of the suc- 
K 16 14 6 00 0 97 1 ceeding pickings. The non-inoculated check had as 
Pp 10 96 72 , 3 1.7 114 4 much IB in the first picking as did the comparable 
Check } 2.8 1.2 6.1 0.0 ba \ treatment, in which the first clusters had been 


ceived ammonium nitrate at the rate of 85 |b. of nitro 
lO ft 


ven per acre. The individual plots, each 
were arranged in 6 randomized blocks. 7 treatments 
per block. Plots tor low potassium and low phosphor 
ous received no further fertilizing Plots for high 
potassium received KCI at a rate equivalent to 170 Ib 
of K.O per acre. Plots for high phosphorous received 
superphos at a rate equivalent to 170 Ib. of P.O; pet 
acre. The virus inoculum, taken from the 1956 experi 
ment. was carried over on tomatoes in the greenhouse 
Sioux variety tomato seedlings, 6 plants per plot, were 
set out within a few davs after the fertilizers were a] 
plied. The plants in the virus treatments were inocu 
lated with a hypodermic syringe when the largest 
fruits on the first clusters were Mo-°4 grown The 
inoculum was injected into the peduncles of the first 
clusters on each plant in the virus treatments. There 
were no visible foliage symptoms of virus in the field 
at the time of inoculation. The foliage symptoms ap 
peared in the inoculated plants 10-14 days after they 
were inoculated. 

The 7 treatments in the 1957 experiment were VK 
(virus—high-K—low-P). VP (virus—low-K—high-P 
VPK (virus—high-K—high-P), V (virus—low-K—low 
P), K (no-virus—high-K—low-P). P (no-virus—low 
IN high-P). check (no-virus low-K low-P). No at- 
tempt was made to prevent the natural spread of the 
virus The fruits were harvested by entire clusters as 
they ripened. and carefully examined. both externally 
ind internally. for IB. The first clusters, which in 
cluded those directly inoculated with IB. were har 
vested on September 3: the second clusters on Septem 
ber 6: the third clusters on September 16; and the 
fourth clusters on September 19. A total of 4569 fruits 
were examined from the 252 plants. 

IB symptoms were severe at no time. never exceeding 
the 2 rating on the scale used by Boyle and Wharton 

3). The percentages of IB in the total fruits picked in 
all 4 pickings from each treatment are given in Table 
] 

These data were analyzed using Wilcoxon’s ranking 
methods (9). For the entire experiment the treatment 
differences were significant at the 0.003 level. Individ- 
ual treatment differences were compared at the 0.05 
level. The analysis showed that all virus-inoculated 
plots had significantly more IB than the comparable 
non-inoculated plots, regardless of fertilizer treatment 
VK had significantly less IB than all other virus- 


inoculated plots. There was no significant difference 


inoculated 

The distribution of IB throughout the season by in- 
dividual plants and by pickings is a characteristic of 
the disease. In 1957, separate records for each picking 
of the total number of fruits picked and the total num- 
ber of fruits with IB were kept for each of the 252 
plants in the experiment. In totals for the season, 68 
per cent of the plants showed IB at least once, 30 per 
cent showed IB 2 or more times, 6 per cent showed IB 
} times, and 1 plant showed IB in all 4 pickings. The 
virus-inoculated plots generally had a higher percent- 
age of plants showing IB at least once, and also a 
larger percentage that showed IB more than once: 4.6 
per cent of the plants showed IB, then were clean for 
| or more pickings before showing IB again 

Discussion._-These experiments demonstrate that 
the incidence of IB in the field can, indeed, be influ- 
enced by fertilizing. The 1957 experiment shows high 
potassium can alleviate IB in virus-inoculated plots. 
‘hat high potassium would also reduce the incidence 
of blotchy ripening in greenhouses was also found by 
Bewley and White (2) and by Kidson and Stanton 
(5). Although Taylor (7) compared the influence of 
high potassium with that of medium potassium on the 
incidence of IB, he had no IB develop at either level 
f potassium in his comparable treatments. His results 


regarding potassium, therefore, were inconclusive. The 
role of phosphorous in connection with IB is not clear. 
The 1957 experiment indicates that high phosphorous 
tends to obscure the beneficial effect of high potassium. 

Two conditions made it possible to show the effect of 
nutrients on IB in the field. One was the choice of 
soil low in potassium and phosphorous, so that barely 
adequate levels could be compared with more than 
adequate levels. The second condition was the very 
dry growing season, which made for very much less 
than usual leaching of potassium from the soil. Thus, 
the nutritional differentials remained fairly constant 
Taste 2.—Percentage of internal browning in each treat 


ment at each picking (1957) 


Date of pr king 


Treatment 9/3 9 6 9/16 9/19 
VK 4 7.4 12.7 14.5 
VP 9 12.9 28.2 22.0 
\PK 6.9 8.0 11.5 15.0 
\ 25 13.9 22.9 21.1 
K 1.6 LS 3.3 10.1 
P 0.8 20 96 9.3 
Check 24 1.6 3.4 5.4 
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critical periods of f1 


1 he se experime! 


are mn ipparent ( 


theory ot Bovle ind W 


flower or vounger w 


virus to produce IB. the ! iffes 
older than early flow vie f lant 
The second apparent . to thei 
action theory | 
that had IB in a cluste: picl 
IB, then showed IB a ter cl 
shock reaction is de 

previously virus-fre ( rye 


developm«e nt. tl 


ren thre Is 


The se data confit 





important role in produ IB 056 
ever, show that vITu } itse lf 
only factor respor hy r IR the field 
virus invades the de t at the 
riod proposed by Bi i \ 
confirms Taylor's re f eenho 
IB may bye present vil ' ip 
in Florida. cannot ( Cones Shed 
ments 
Phe most reasol for the 
of IB is Taylor’s tion that it re 
a sugar deficiency of e ce loping fruit 
his basis not only s 0M r} Pe 
son and Stanton i ested | 
result from a sugar def rf e de 
arising trom separate ld t causes ae 
pendently or in coniunctio vil yne another 
assumption is accepted, thie im inf 
by influencing the product r translocat 
bohvdrates. Potassiun ssibly influen 
hydrates either direct] eculator i 
or indirectly, by pos the. makin 
of tobacco mosaic virus. wl turn has be 
’ 
4 
m 
‘. 
, 
- 
‘ 
i] 





throughout thie orow icularly 


the role of virus in th rip. | 
periment shows that ) 1lone 
sult in severe IB | } nent ce 
that. when IB doe lefinite 
virus is inoculated. At tie if 


fruit had the most IB ters wel 


Bovle ind Wharton ! f [ I ord 


to reduce carbohydrates (4). Two items indicate that 
the effect is direct rather than indirect. First. potas- 
sium nutrition appears to have little effect on the mul- 
). Second, the 


potassium effect, both on blotchy-ripening and on the 


tiplic ation oft tobac co mosaic virus ae 


orrelated carbohydrate content of the fruit. was also 
Bewley and White and by Kidson and Stan- 


on, who made no mention of virus. The level of avail- 


noted by 


ible potassium, then, may influence the incidence of 


IB by being one of the factors controlling the amount 


of sugar or carbohydrates entering the developing 


\t present. it appears likely that the incidence and 
severity of IB may be reduced by taking measures to 


prevent tobacco mosaic virus from invading healthy 


omato fields during fruit development. and by side- 


' 


dressing with potassium at the time of first fruit set, 
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THE INHERTPANCE OF RESISTANCE TO BEAN VIRUS 2 IN PISUM SATIVUM 


K. W. Johnson and 


D. J. Hagedorn 


stM™MARY 


The inheritance of resistance to bean virus 2 in 
Pisum sativum L. was studied by crossing 2 sts 
ceptible varieties. Perfected Wales and Thomas 
|axton. to each of 4 resistant varieties, New Era. 
Pride. Wisconsin Early Sweet, and Wisconsin Pet 

tion. Reciprocal F, hybrids, Fo bulk, and Fs. and 
Ff, progenies from, respectively, single F. and | 


nts ot these 8 crosses were tested for reaction to 


j 


bean virus 2 in the greenhouse Results indicated 
that resistance was controlled by a single recessive 
gene. Observed deviations from the predicted 3:1 


ratio in some ol the I bulk and some ot thre st rt 


gating (heterozygous) F. and Fy, progenies were 


attributed to a probable delayed symptom expres 
+} 


sion in le susceptible heterozvgotes 





Pea mosaic. incited by bean virus 2. is recognized 


| in Wisconsin (2). In 1934, Pierce (5) re 


ported a Pertfection-type pea variety to be resistant to 


is a widespread virus disease of canning peas (Pisun 


) 


bean virus 2. Because of the large acreage of this 
tvpe of canning pea in Wisconsin, Hagedorn (1 
studied the reaction of many commercial varieties to 
letermine if they were resistant or susceptible to bean 
Baa The resistance of Pertection type peas as a 
was confirmed, but a number of the newe1 
strains in which earliness had been incorporated were 
eptible. which was attributed to the use of a 
susceptible parent in the crosses made to incorporate 
ess. Because of the importance of the disease 
vident inattention to resistance in the develop 

ment of new varieties, the following investigation Was 
idertaken to determine the mode of inheritance of 


resistance to bean virus 2 in P. sativun 


\IATERIALS AND METHODS.—Pea isolate 1 of bean 
virus 2 de scribed by Hagedorn and Walker (2), was 
ised in all of the experiments. It had been maintained 
m sweet clover (Welilotus spp.) culture plants in the 
ereenhouse. The virus was transferred to Perfected 
Wales. a susceptible variety, and was cultured in this 
variety and sweet clover throughout the experiments 

The symptoms on Perfected Wales in the green- 
house were typified by a distinct vein-clearing. about 
10-14 days after inoculation, and chlorosis of tissue 
hetween the veins and patches of normal green tissue 
scattered irregularly over the leaf and stipule surface. 
about 14-16 days after inoculation. No stunting. necro 
sis. or pod and stem symptoms were observed. 

Four resistant varieties (Wisconsin Perfection, Wis- 
consin Early sweet. Pride. and New | ra were crossed 
reciprocally to 2. susceptible varieties (Perfected 
Wales and Thomas Laxton). Reciprocal F, popula 
tions. bulked F. populations, and F. and Fy, progenies 
of. respectively, single F. and F., plants were tested 
in the greenhouse for reaction to bean virus 2. Each 
filial generation tested was derived from uninfected 
parental plants. Check plants of both resistant and 
susceptible varieties were included in all tests 


The peas were grown in 6-in. pots containing ster! 


\ecepted for publication April 12, 19 
P Diished with the approval of the Dire tor of the WW is 


onsin Agricultural Experiment Station 


lized compost soil. All experiments were conducted 
n the greenhouse at 15-20°C. Inoculations were made 
about 12-15 days after planting. Plants uninfected 
ifter the first inoculation were reinoculated 2—3 weeks 
after the first inoculation 

Diseased culture plants were ground through a 
fruit juicer to extract the sap. which was used in 
original concentration or diluted about 1:1 with dis 
tilled water. To facilitate infection, carborundum 
powder was dusted on the leaflets of healthy plants 
to be inoculated. The first inoculation consisted of 
rubbing infective juice on all of the fully expanded 
leaflets (usually 4) with a glass spatula or porcelain 
pestle. In the second inoculation only the apical or 
voungest 2-3 fully expanded leaves (about 4-6 leaf 
lets) were rubbed. 
All 8 F, hybrids and their 


reciprocals were completely susceptible to bean virus 


EXPERIMENTAL RESULTS 
» A total of 200 plants were tested, with an average 
of 12.5 plants per F, family. Some families had as 
many as 37-39 plants 

lable 1 gives the reactions of the bulk F. popula- 
tions to bean virus 2. Since the F, crosses indicated 
no cytoplasmic effect. the reciprocal crosses were 
pooled, Chi-square values (based on the hypothesis 
of 3 susceptible to 1 resistant) were greater than the 
| per cent level in the Perfected Wales Wisconsin 
Perfection and Thomas Laxton Wisconsin Perfec- 
tion crosses. The cross Perfected Wales * New Era 
ipproached the 1 per cent probability level. The re 
maining 4 crosses satisfactorily fit the ratio of 3 sus- 
ceptible to 1 resistant. 

The reaction to bean virus 2 of the F, and Fy, 
progenies, from single F. and F, plants, respectively. 
is given in Table 1. Because of adverse growing con- 
ditions, less than 10 seeds were obtained from a num- 
ber of plants. With a monogenic character, a minimum 
of 10 plants per progeny are needed in the Fy and F, 
progeny tests for distinguishing (with odds of 19:1) 
between the homozygous dominant and the heterozy- 


gous progeny (4 \ minimum of 3 plants per progeny 
are needed for identifying (with the same odds) the 
homozygous recessives. 

On this basis, only progenies with 4 or more plants 
were classified, and the susceptible and segregating 
classes were pooled. The expected ratios tor the F. 


progenies would then be 3 susceptible segregating to 1 
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resistant progeny 
ratio would be 5 
progenies 

All crosses fit 
populat 
Pride and ‘J 


ber ol progetr ies este 


I, progeny 


respectively | il 
ferred 
The reactions of 


and Fy, progeny clas 


Fable | Only 3 

ratio of 3 susceptible 
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a lethal se edling 


tllele because of linkage with either 
or ovule factor or with the short internode allele | . 
6): 2) the inoculation technique resulted in too many 


escapes: and/or 3) there was a delayed symptom ex- 


pression in the heterozygotes 


Considering the first factor. all the varieties used 


“well tested” and widely grown 
The 


presumption that 


nti 
1th tiie 


experiment were 


irieties, and were presumed genetically stable 


nature of these varieties limits any 
lethals lethals 


natural mutation rate(s) of the lethal locus (loci) plus 


present If were not present, the 


were 


linkage of this mutated allele(s with the virus allele 


would have to account for the deficiency The proba- 
bility that this occurred is so small that this factor may 


very likely be Other 
data, not reported here. 


allele 


The possibility ofa 


eliminated from consideration 


indicated that the short inter- 


was not linked with the bean virus gene. 


node 
poor inoculation technique was 


recognized early in the investigation The varieties 
Perfected Wales and 
ceptible check 


Susceptible check piants were rubbed 


as slls- 


Thomas Laxton were used 


varieties throughout all experiments 
about 15 at the 


ind another 15 at the end of each inocula 


?-vear period the susceptible check plants, 
| exception { lable ah 
This indicated that the virus was present 


beginning 
tion. Over a z 


with were always infected in 


| inoculation 
throughout each inoculation period. Considering the 
succulent nature of the pea leaflet and the use of car 
unlikely that the 


virus was not into the plant. Leaf-cell injury at time of 


borundum as an abrasive, it seems 
thereby 

How- 
ever, no hypersensitive reaction was observed. It was 
concluded that the inoculation technique could not be 
contributing to the de- 


inoculation might have limited the substrate. 


preventing the virus from becoming established 


onsidered as a major tactor 


hepency of sts eptible plants. 


\fter completion of the 


Yen and 
immunity. to 
Virus in pea varieties grown in New Zea- 


s controlled by 


above experiments, 


Fry (7 reported on the inheritance of 


land They coneluded that immunity 


1 single recessive gene. However, the susceptible 


heterozygote was noted to be only partially tolerant 


delay in 


as typified by a symptom ex- 


fection 


ression 


The possibility that the heterozygote condi- 


tioned a delaved considered during 


response was not 


Although 


recorded, observations made on the 


the course of our experiments incubation 


periods were not 
F, and F, bulk populations indicated that this same 
phenomenon experi: 


was probably manifested in our 


In some of the Ff inoculations were. re- 


quired to infect all plants 


Since these plants were 
heterozygous with respect to the alleles in question, the 
exists that the first 


susceptible reaction was expressed. In 


possibility reading was made bhe- 
tore the some 


the F. bulk populations, data were recorded as to 
until 


inoculation symptoms 


ie number of days from 
were read (Table 2). If the 
i delayed re sponse, the first reading would be expec ted 


t} 


heterozygote did condition 


to show a predominant number of resistant plants. or 


‘na “reversed” ratio. of 1 susceptible to 3 resistant 


eve 
\ 








August, 1958 


[TABLI , # Vumber of days between inoculation with bean 
rus 2 and symptom classification for Fs, bulk pea 
Inoculation Number of Plants 
(Cross number Days Susceptible Resistant 
PW NED | h 6 128 
2 635 Loo 6] 
PW WES | 25 3) Le 
2 67 Hf 4 
PW P l 2] 86 7 
2 19 g4 29 
PW WP | 21 62 166 
2 19 12] 107 
rl NE) 21 7] 89 
2 17 109 51 
rl WES) | 14 139 73 
2 167 5 
rl | | 15 Yi Y7 
2 Ts) 1 
rl WP) | 14 19 14] 
9 4 89 10] 
( hecks 
PW 25 15 0 
PW | 14 2 14 
2 28 16 (0) 
NE l 25 0) LS 
NI ] 14 0 14 
rl ] 21 16 1) 


‘See Table 1 for varietal abbreviations 

"Number of times inoculated. 

Number of days from first inoculation until symptoms 
read. 


plants. In 3 of the crosses, Thomas Laxton Wis 
consin Perfection, Perfected Wales Wisconsin Per- 
fection. and Perfected Wales New Era, this “re 
versed” ratio was observed. Most of the other crosses 
had a predominant number of resistant plants at the 
first reading. 

Yen and Fry (7) also reported that the heterozygote 
could be distinguished by the type of symptom expres 
sion. In the present experiments, except the crosses 
involving Wisconsin Perfection as a parent, symptom 
expression in all crosses was the same as that de 
scribed for Perfected Wales in the greenhouse. In the 
Wisconsin Perfection crosses, the early vein-clearing 
symptoms were similar to those of Perfected Wales. 
However, the mottle or mosaic symptom was generally 
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less discernible than in the other crosses or checks. 
his could account for the deviation from the 3:1 ratio 
in the crosses involving Wisconsin Perfection. Since 
the scope of the experiment prohibited testing all 
crosses at one time, they were tested successively over 
a period of 3 greenhouse seasons. It is not known 
whether this difference in symptom expression in the 
Wisconsin Perfection crosses was due to plant age and 
environment (8) or to modifying genes affecting symp- 
tom type. 


In conclusion, it was felt that the results of the 
tests from the F, and F, progenies, respectively, of 
single F. and F, plants were conclusive enough to 
substantiate the hypothesis that resistance is mono- 
genic and recessive in all the resistant varieties used 
in this experiment. The discrepant results in the seg- 
regating populations were probably due to the phe- 
nomenon of delayed symptom expression in the 


heterozvgole. 
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RESPONSES OF LIME AND SOUR ORANGE SEEDLINGS AND FOUR SCION. 


ROOTSTOCK COMBINATIONS TO INFECTION BY STRAINS OF 
THE TRISTEZA VIRUS? 


Edward O. Olson 


SUMMARY 


symptoms from infection with a severe strain, 
whereas a mild strain from 1 Meyer lemon tree did. 
When lime scions carrying the mild strain of virus 
from this Meyer lemon source were grafted on lime 
seedlings carrying the severe strain, the growth 
from the scion showed no recognizable severe symp- 
toms during a 20-month period of observation. How- 
ever, some lime seedlings inoculated by tissue from 
the tops of the grafted plants showed severe symp- 
toms. When lime seedlings were inoculated simul- 
taneously with mild and severe strains of tristeza 
virus, the position of the inoculum buds and the 
source of the mild strain affected the occurrence of 
severe symptoms. 





Citrus plants grown under screenhouse condi- 
tions were inoculated with buds from 8 tristeza-in- 
fected citrus trees of different varieties introduced 
into Texas before 1943. Buds from 1 source tree 
caused severe tristeza symptoms on lime seedlings; 
buds from 7 sources caused mild symptoms. Some 
virus strains with mild effects on lime seedlings 
caused stunting of sour orange seedlings: others 
did not. The re sponse ol steza-infected Valencia 
orange and Red Blush grapefruit trees on sour 
orange and Cleopatra indarin rootstock varied 
with rootstock and strait risteza virus. 

Prior infection of lime seedlings by mild strains 
from 6 sources did not I t development of severe 
The discovery of mild ar evere strains of tristeza 

virus in citrus introductions to Texas (16, 17) pro- 
vided an opportunity to study the response of citrus 
seedling and newly-planted commercial trees to bud- 
inoculated tristeza virus from different field sources 


Studies were conducted under screenhouse conditions 


with grapefruit and orange trees, and sour orange and 
Mexican lime seedling I irticle also reports on 


the response of lime seedlir bud-inoculated with a 


severe strain when the seedlings were a) previously 
infected or 6) simultaneously infected by a mild strain, 
and ¢c) when scions carrying a mild strain providing 
cross-protection were grafted to rootstocks carrying 
the severe strain of tristeza 

VIRUS STRAINS AND MIXTURES REPORTED FROM DIE 
FERENT REGIONS The existence of tristeza virus 
strains has been demonstrated in Brazil 1, 7, 8 
Africa (10, 12), and Texa 17 ind in Florida (9), 
where different strains were separated from naturally 
infected plants. Fraser (6) and McClean (13) indi 
cated that, in Australia and South Africa, the virus 
content of different trees. and particularly trees of 
different citrus species, may differ qualitatively. Grape 
fruit seedlings were selective in the virus that they 


acquired naturally, and they possessed some defensive 


mechanism against the mort irmful component of 
the full virus complex (14 Sometimes aphids trans 
ferred only a part of the whole complex, and the part 
transferred induced either a milder reaction or no re 
action at all, dependir g l e species of the test seed- 
ling (7.13). In Florida. a milder form of tristeza virus 


was transmitted from Meyer lemon by aphids than by 
tissue grafts (15) 

In Brazil initial eviden ndicated that plants in- 
vaded by the mild strain of tristeza virus were pro- 
tected against the severe strair 7 In later studies, 
on sour orange root- 


growth made by 4 types 
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stock was very poor when they were inoculated with the 
severe strain; growth of these scions on the same root- 
stock was less adversely affected by mild strains (4). 
In Brazil, plants simultaneously inoculated with mild 
and severe strains of tristeza virus produced growth 
intermediate between that caused by the mild or severe 
strains alone (3). In Texas, prior infection by a mild 
strain from a Meyer lemon tree inhibited the severe 
symptom development in lime plants inoculated with 
the severe strain of virus from Sueoka satsuma (17). 
In Florida the cross protection provided by prior 
inoculation with mild strains ranged from little to con- 
siderable; a lack of complete distribution of any single 
virus strain in lime plants offered a possible explana- 
tion for the variation in protective effects (9). 

CLASSIFICATION OF STRAINS ON THE BASIS OF SYMP- 
TOMS PRODUCED ON LIME SEEDLINGS.—The virus strains 
used in the experiments reported herein were taken 
from Mexican lime seedlings previously inoculated 
from the tree sources described in Table 1. It was 
not known whether other viruses were present con- 
currently with tristeza in the 8 source trees. 

Severe strain.—Mexican lime seedlings inoculated 
from Sueoka satsuma showed vein clearing. vellowing, 
and defoliation of leaves on terminal twigs. extensive 
stem pitting. thickened light-colored gum-impregnated 
bark of cheesy consistency, stunted growth. and a weak 
root system. Leaves on flushes sometimes showed 
corky enations along the veins on the upper sides of 
the leaves 3-6 months after initial vein clearing. The 
foregoing symptoms are hereinafter referred to as 
severe symptoms of tristeza; the virus causing them is 
referred to as the severe strain. 

Vild  strain.—Mexican lime seedlings inoculated 
from most tristeza-infected sources listed in Table 1 
made vigorous growth after initial vein clearing. The 
leaves remained large and green, terminal twigs did 
not defoliate, some stem pitting occurred under bark 
of apparently normal thickness. and a strong root sys- 
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tem was present. No vein corking appeared on the 
leaves. The foregoing symptoms are hereinafter re- 
ferred to as mild symptoms of tristeza; the virus caus- 
ing them is referred to as the mild strain. 

Since mild strains from different host varieties dif- 
fered in the responses they caused in these tests, the 
varietal name of the original virus-host plant is used 
with mild strain. 

EXPERIMENTS. Response of sour orange seedlings 
to bud-inoculated tristeza virus from different sources. 

Fraser (6) and McClean (13) used Seville soul 
orange and Eureka lemon seedlings as indicator plants 
for the presence of a “seedling yellows” reaction as- 
sociated with a strain or component of tristeza virus. 
Wallace (19). using Eureka lemon seedlings as indi- 
cator plants, found that a Meyer lemon in California 
was carrving a virus that caused the “seedling yel- 
lows” reaction. In Texas the severe strain of tristeza 
virus severely stunted sour orange seedlings; the 
Matsui-mild strain did not (17). Since the Texas 
citrus industry is based on use of the sour orange root- 
stock. it seemed desirable to determine the response of 
sour orange seedlings to infection by mild strains of 
tristeza from other sources. 

Sour orange seedlings, about 8 in. tall, growing in 
l-gal. cans of soil. were bud-inoculated with the severe 
strain and with the 7 sources of mild strains listed in 
Table 1. These inoculated seedlings. except for 3 that 
died, were set out at a 2  5-ft. spacing. Although 
only a small population was tested. the results (Table 
1) indicate that some virus strains that cause mild 
symptoms on lime seedlings stunt sour orange seed- 
lings: others do not. 

Response of budded grapefruit and orange trees to 
bud-inoculation with various strains of tristeza virus. 
Old-line Valencia orange and Red Blush grapefruit 
trees on Cleopatra mandarin and sour orange root- 
stocks were planted in October, 1954, at 5 & 6-ft. 
spacing in the screenhouse. Eight trees of each of the 
1 top-rootstock combinations, arranged in a modified 
Latin Square design, were planted. The objective of 


TABLE | Trees in Texas found intected with tristeza virus 
Variety Source of top Rootstock 
Calamondin Florida Mandarin 
Beauty of Glenn 

Retreat mandarin Australia Mandarin 
Mever lemon 4 (china 


Mever le mon B 


Mediterranean 


| nknown 


blood orange India Mandarin 
Valencia orange Florida Sour orange 
Matsui satsuma Japan Citrange 
Sueoka satsuma Japan Poncirus  trifo 


Grown on its own roots. 


the experiment was to compare the response of tristeza- 
infected trees with healthy trees on 4 scion-rootstock 
variety combinations. In February, 1955, 4 of the 8 
trees of each top-rootstock combination were inocu- 
lated with the Valencia mild strain. At the same time, 
single trees of each of the 4 scion-rootstock variety 
combinations were inoculated with the Meyer A mild 
strain and other single trees were inoculated with the 
severe strain. In September, 1955, twigs from the vari- 
ous inoculated trees were grafted to Mexican lime 
seedlings. Transmission to the lime seedlings demon- 
strated that the top-rootstock combination trees had 
been infected with tristeza virus; grafts from trees 
inoculated with the severe strain induced correspond- 
ing severe symptoms on the lime seedlings, and the 
remainder only mild symptoms. 

The relative sizes of the grapefruit and orange trees 
31 months after inoculation are shown in Table 2. 
There was no significant difference in size between 
check trees and trees inoculated with the Valencia mild 
strain. Trees on sour orange rootstock infected with 
the severe strain or with the Meyer A mild strain were 
stunted, but the treatments were not replicated. Trees 
on Cleopatra mandarin rootstock and infected with the 
severe strain or the Meyer A mild strain showed some 
stunting, but absence of replications limits the signifi- 
cance of this comparison. 

(Another planting was made to provide replicated 
comparisons of the effect of virus strain on the growth 
of bud-inoculated grapefruit trees. Uninoculated con- 
trols were not used, since the previous test had shown 
no difference in size between uninoculated trees and 
trees infected by the Valencia mild strain. Thirty-six 
old-line Red Blush grapefruit trees, 18 on sour orange 
and 18 on Cleopatra mandarin rootstocks, were planted 
in the screenhouse at 5 }-ft. spacing in April, 1955. 
In August of the same year, 6 trees on each rootstock 
were inoculated with, respectively, the Meyer A mild 
strain, the Valencia mild strain, and the severe strain. 
The growth response of the inoculated grapefruit 
varied with the rootstock and with the different virus 


1954 and used as virus sources in the present investigation 


Symptoms Inoculated seedlings 


Year original Lime Sour orange 
planted top symptoms height 
1929 Pitting Mild 16 

1942 None Mild 10 

1924 None Mild 19 
1943 Stunting Mild 26 
1942 None Mild 12 

1929 None Mild 27 
1938 None Mild 24 

‘tata 1932 None Severe , 


Prior infection by this virus strain inhibited the development of severe symptoms on Mexican limes reinoculated with 


the virus from Sueoka satsuma (17). 


\verage height in inches of 3 plants after 12 months. Uninoculated controls were 27 in. tall. 


‘Plants died within 4 months. In other tests (17), sour orange, lime, and grapefruit seedlings infected by virus from 
Sueoka satsuma were severely stunted, whereas those infected by virus from Matsui satsuma were not. 
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TABLE 2.—How ine 1 virus affected trunk cross sections" of 4 scion-rootstock combinations 
\ ris i Months after inoculation 
Scion-rootstoc} tr - stra 6 12 >| increase 
Valencia orange o1 | None 939 934 1899 299 
Valencia mild 394 L070 2072 249 
Mever A mild Se) 935 B94 106 
Severs 6 | 644 644 15 
Valencia orange « { I } None 967 1066 1824 222 
! Valencia mild 649 1099 2196 238 
] Mever A mild 18 1015 2635 1445 
] Severe 796 2062 KF 
Le; shh =} rapetr | | one ~~) 7 ras Loo 
Red Blush gray N 10 170 ] 
f Valencia mild 1105 1971 217 
] Mever A mild ’ 860 1204 109 
Severe 509 575 616 21 
Red Blush grapefruit ( il | None 680 1134 ITH 205 
Valencia mild 692 1175 2033 194 
Mever A mild 644 1089 1887 193 
l Severe 14 796 1719 255 
(Area of cross sect inion, i . The cross-sectional area of the trunk is considered the 
best single index t 
Thirty-one months after ere ) significant differences between the sizes of uninoculated trees and 
trees inoculated t \ ra Sta tica mparisons of the effect of other virus strains on tree size are not 
valid, since the treat 
Trees vere i! I xT 
strains (Table 3 Pree ir orange rootstock [fo determine whether other mild strains also were 
inoculated with tl ert vere stunted: those related to the severe strain. lime seedlings growing in 
on Cleopatra manda \ Indexing the inocu l-eal. cans of soil were inoculated with the single severe 
lated grapefruit back ont eedlings resulted in — strain and with the 7 mild strains listed in Table 1. One 
typical severe or pt iccording to the re month later, when infection had taken place. as indi- 
spective sources cated by vein-clearing on the new leaf growth, some 
Re sponse of / , ’ S nfect OV a plants of each series were reinoculated with the severe 
mild strain to reine / ( sira rol strain The plants were later tr insplante d to the soil in 
infection of lime seed] e Meyer A { strain he screenhouse at 1 6-ft. spacing. with 3 replications 
inhibited the developme: mptoms expected — of 2-plant groups for each treatment 
from subsequent infe ere st ndicatin The response of the lime seedlings to the original in- 
that these 2 strat fection with a mild strain or subsequent infection with 
TABLI } Hou 4 iff ted tr ross sections oft Red B ish Lrapetr f trees 
Rootstock and Months after inoculation 
statistical indices | rain { D4 increase 
Sour orange \ ‘ 4s OH 79] 284 
\eve \ 34 627 (0) 
s 2 | 94 


F value NS 
LSD 5¢ 59 


LSD 1 69 


Cleopatra mandarin Valencia mild 623 124] 99 
M \ 639 1456 128 
s oh 1116 LOO 


KF value NS * 
LSD 5% 10 


LSD 1% 299 


* Area of cross sect f tr L in. above | inion, in mm-, the average of 6 plants: 2-plant groups in 3 replica- 
tions. The cross-sectional area of trunk is considered the best single index of tree size. 
»Uninoculated contr re t included, since a previous trial (Table 2) had shown no significant difference in size 


of uninoculated trees ited with the Valencia mild strain. 
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a severe strain is shown in Table 4. Of the 7 sources 
of mild strain virus, only the Meyer A mild strain in- 
hibited the increased severity of symptom expression of 
the severe strain. Index tests from each of the doubly- 
inoculated trees resulted in symptoms comparable in 
severitv with those in the source tree. 

Mild strain sources from tristeza-infected Mever 
lemon trees different from those listed in Table 1 were 
also used in cross-protection studies on lime seedlings. 
Some inhibited symptom expression o! the severe strain 
on lime seedlings; others did not. 

Leaf pieces were taken from some Meyer lemon 
shoots that grew from the buds used to inoculate lime 
seedlings with a mild strain; the sampling was done 
several months after the seedlings had been reinocu- 
lated with the challenging severe strain. The Meyer 
lemon leaf pieces, from 2 different sources and origi- 
nally infected with a mild strain, caused different reac- 
tions in lime seedlings; leaf pieces from Meyer B 
caused severe symptoms on the lime seedlings, whereas 
that from Meyer A did not. These results indicated 
that the severe strain used in reinoculation had moved 
into the foliage of the shoot grown from the original 
inoculation bud of Meyer lemon B in the presence of 
its mild strain, but not into similar foliage of Meyer A 
in the presence of its mild strain. 

On the basis of the data in Table 4, there are at least 
3 distinct tristeza strains: a) a severe strain. 6) a mild 
strain that inhibits symptom expression by the severe 
strain (the Meyer A mild strain), and c) a mild strain 
that does not (the Valencia mild strain). These strains 
also varied in their effect on grapefruit and sweet 
orange trees grown on sour orange rootstock (Tables 
2 and 3). 

Response of lime seedlings to simultaneous inocula- 
tion with mild and severe strains.—Costa (3) made 
simultaneous inoculations of orange trees on sour orange 
rootstock with mild and severe strains of tristeza virus. 
He found that the growth of the double-inoculated trees 
was intermediate between the growths of trees inocu- 
lated with either the mild or the severe strain; there 
was no exclusion of one or the other virus. according to 
position of the bud, as described by Kunkel (11), work- 


ing with peach viruses. Ross (18) considered that, 


when a plant is inoculated simultaneously with 2 or 
more viruses to which it is susceptible, all the viruses 
will usually cause infections initially, regardless of how 


closely they are related. 
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> 
ABLE 1. Re sponse of Ve rican ime seedlings lo inot ula 
tion with mild strains of tristeza virus in June, 1955, 
and with a severe strain in July. 1955 


Seedling response, Jan., 1957 


Strain pairs Symptom Height" 
Calamondin—none Mild 19.5 
Calamondin—severe Severe 29.8 
Be autyv ot Glenn 
Retreat) mandarin — none Mild 39.0 
Be autyv of Gle nn 
Retreat mandarin—severe Severe 30.3 
Matsui satsuma—-none Mild 52.2 
Matsui satsuma— severe Severe 27.3 
Mediterranean blood 
orange —none Mild 35.4 
Mediterranean blood 
orange severe severe 27.0 
Meyer lemon A—none Mild 41.0 
Mever lemon \ severe Mild 1.0" 
Mever lemon B—none Mild 39.2 
Mever lemon B severe severe 28.9 
Valencia orange— none Mild 54.3 
Valencia orange severe Severe 27.3 
CONTROLS: 
Severe none severe 19.0 
None severe Severe 21.2 
None none None 60.2 


“Seedling height, in in., is the average of 6 plants: 2- 
plant groups in 3 replications. The LSD 19% for effect of 
Virus strain and source on plant height: single-inoculated 
plants, 11.9 in.; double-inoculated plants, 9.4 in. 

"This is the only case where symptom expression from a 
severe strain appeared inhibited by previous inoculations 
by a mild strain. 


To determine the effect of location on the inoculum 
bud, lime seedlings in l-gal. cans of soil were bud-inocu- 
lated simultaneously with mild and severe strains. 
Shoots growing from the inoculum buds, placed about 
2 in. apart on the stems, were not pruned off. Shoots 
from severe-strain-infected buds were fewer in num- 
ber and slower in development. Severe symptoms de- 
veloped more rapidly and in more lime seedlings when 
the upper-bud inoculum carried the severe strain than 
when the lower-bud inoculum carried it (Table 5). 


Taper ».-Percentage of lime seedlings deve loping severe symptoms from simultaneous inoculation with mild and severe 


Strains of tristeza virus 


Inoculum in upper position Inoculum in lower position 
Severe Mild (Meyer A) 

Mild (Mever A) Severe 

Severe Mild (Matsui) 


Mild (Matsui) Severe 


Height 


at 13 

No. of Months after inoculation months 
plants 6 12 19 (in.) 
9 +4 14 56 218 
10 10 20 20 27.7 
8 100 100 100 20.8 

8 50 50 75 21.6 


“All inoculated plants showed tristeza vein-clearing symptoms after 6-10 weeks. 
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6.—Response ({n attempt to grow similar plants with a severe. 
with leaf pie t (raul strain-intec ted top and a Mever- \-mild-strain-infected 
infected bud ss * ‘) poral rootstock was unsuccessful because shoot growth did 
had bee ( d ind ; 
severe strai not develop from the scions; sucker growth was 

abundant from the rootstock. 
These results are in agreement with studies of some 
Inoculum Inoculu sancti other virus strains infecting other crop plants. Where 
° in upper in r N . with Height prior infection with one strain protects against further 
stance ree : re invasion by a related strain, the presence of one strain 
\I does not seem to prevent the entry of another, but 
Dé Severe Mi \ does prevent multiplication sufficient to produce 
a noe ‘ symptom dominance (1). 
- .° (Meyer A) Discussion.—Although tristeza virus has _ been 
Mild widely distrubuted in infected Meyer lemon. trees, 
sndsinnds (M ms there has been no apparent natural spread of tristeza 
a : a eee in commercial plantings of grapefruit and sweet 
orange on sour orange rootstock in Texas. Present in- 
dications are that insect transfer of tristeza virus does 
3 When the upper-bud ino ed the ild strain not occur or is not common in the field (5). Thus. the 
. severe symptoms were more prevalent with the Matsui absence of injury from tristeza in commercial Texas 
mild strain than the Meyer A mild. strain citrus is ascribed to absence of an efficient vector, not 
: Later, leaves wet lected from lime shoots to the mildness of the virus strains present in Meyer 
growing from mild-strair ' m buds on the simul- lemon and other citrus importations, The apparent 
taneous seedlings. 1 ted to lime seedlings absence of an efficient insect vector in Texas also 
F for indexing. The severe id moved from the made it impossible to use an insect vector to separate 
, upper-inoculum bud cont » the severe virus strain tristeza virus from other possible contaminant viruses. 
to the foliage developit f the lower inoculum Thus. some of the virus-source trees listed in Table 1 
p bud. which originallh rried only the Meyer A or may carry viruses other than tristeza. 
Matsui mild strain. The severe strain also moved in the These trials supplement existing evidence that strain 
; reverse direction, into the ot from the Matsui mild — differences may be expressed as differences in severity 
strain but not into that of the Meyer A mild strain, of symptoms on infected lime and sour orange plants, 
when inoculum buds were transposed (Table 6). Thus, and as differences in degree of stunting of citrus 
both the point of inoculation and virus strain relation- — yarjeties on different rootstocks. and as different. re- 
4 ships affected the prevalence of the strains in lime — sponses to cross-protection tests. If tristeza is defined 
‘S's seedlings inoculated simultaneously. as a decline desease of sweet orange trees on sour 
Response of lin sclol ying Meyer A mild — orange rootstock, then the Valencia mild strain—which 
strain when grafted on a rootstock carrying the severe caused no visible injury to that combination under 
4 strain. Lime seedlings row in l-gal. cans and screenhouse conditions—cannot be classified as a 
Ps infected with the severe tristeza virus strain were side strain of tristeza virus on the basis of these tests. If 
grafted with 2- to 4-in. lime scions that carried Meyer tristeza virus is considered to be one that causes dif- 
" A mild strain. Scions carry the Meyer A mild strain ferent degrees of vein-clearing and stem-pitting symp- 
F were used because prior infection by this strain in toms on lime seedlings, then the evidence presented 
hibited symptom expressio by the severe strain here indicates the existence of several strains of the 
(Table 2). The trees were later pruned so that the tristeza virus, some of which can infect sweet orange 
4 scions formed the top trees on sour orange rootstock without producing 
The 13 grafted plants were served for 20 months, visible symptoms in screenhouse tests. The fact that 
7 ; but no symptoms of the severe tristeza strain were infection with some mild strains does not protect 
La noted in the growth from the scions. Four months — against symptom expression by later infection with a 
~ after grafting, leaf-pieces or buds of growth from the severe strain may have 2 explanations: a) the severe 
’ scions were indexed on lime seedlings. Of 37 lime strain may consist of 2 or more viruses, one of which 
' seedlings inoculated this inner from 8 different js different from the mild strain; or 6) the mild strain, 
‘ plants, 25 showed definite severe symptoms and 12. even though related to the severe strains, for some 
: showed only symptoms of the Meyer A mild strain reason behaves like curly top virus (2) and does not 
These results indicate that the severe strain moved produce cross-protection against the severe strains. 
. from the lime rootstock to the Meyer-A-mild-strain- The results presented here are compatible with either 
infected growth resulting from the scion, even though — concept, but the latter seems preferable. 
the top showed only mild symptoms during the 20 
month observation period. Thus. absence of recogniz- Cirrvs Roorstock INVESTIGATIONS 
- able severe symptoms in mild-strain-infected tops on U. : DEPARTMENT OF AGRICULTURE 
severe-strain-infected rootstock did not mean absence ‘Seman AGRICULTURAL EXPERIMENT STATION 
of the severe strain in foliage and twigs of the top Westaco, TEXAS 
' 
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bacco-growing industry with examples of losses caused 
by diseases and chapters on disease control in relation 
to plant bed management, crop rotation and disease 
resistance); 2) Nematode diseases: 3) Fungus dis- 
eases; 4) Bacterial diseases; 5) Virus diseases; 6) 
Diseases caused by flowering plants; 7) Malnutritional 
diseases: and 8) Miscellaneous diseases. The pertinent 
literature on each important disease has been reviewed 
and discussed thoroughly and a list of references is 
given after each chapter. The literature lists are com- 
prehensive. complete, and up-to-date, including refer- 


ences to literature published as recently as 1957. 


RE CITED 


10. Hucnes, W. A., anp C. A. Lister. 1953. Lime die- 
back in the Gold Coast, a virus disease of the lime, 
Citrus aurantifolia (Christmann) Swingle. J. Hort. 
Sci. 28: 131-140. 

ll. Kunker, L. O. 1936. Immunological studies on three 
peach diseases, yellows, rosette, and little peach. 
Phytopathology 26: 201-219, 

12. MeCrean, A. P. D. 1950. Virus infections of citrus in 
South Africa. Farming in S. Africa 25: 261-262, 
289-296. 

13. MecCriean, A. P. D. 1954. Virus infections in South 
African citrus, associated with the disease of stem 
pitting and tristeza. Report of the Fifth Common- 
wealth Mycological Conference, 1954: 145-151. 

14. McCiean, A. P. D. 1956. Tristeza and stem-pitting 
diseases of citrus in South Africa. Food and Agr. 
Organization UU. N. F.A.O. Plant Protect. Bull. 4: 
88-94. 

15. NormMan, P. A., ano T. J. Grant. 1957. Transmission 

of tristeza virus by aphids in Florida. Citrus Maga- 
zine 20(1): 8, 10, 31, 34 

l6. Ortson, E. O. 1955. A’ survey for tristeza virus in 
Texas citrus. Proc. Rio Grande Valley Hort. Inst. 

9: 51-60. 

Oxtson, E. O. 1956. Mild and severe strains of tristeza 
virus in Texas citrus. Phytopathology 46: 336-341. 
18. Ross, A. F. 1957. Responses of plants to concurrent 
infection by two or more viruses. Trans. N. Y. Acad. 
Sci. 19: 236-243. 

19. Watrace, J. M. 1957. Tristeza and seedling yellows of 
citrus. Plant Disease Reptr. 41: 394-397. 


FE BOOKS 


Symposium on latency and masking in viral and rick- 
ettsial infections. 1958. Edited by Duard L. Walker, 
Robert P. Hanson, and Alfred S. Evans. Burgess 
Publishing Co., Minneapolis, Minn. 202 pp. Price 


$4.75. 


This volume reports the proceedings of a conference 
held at the University of Wisconsin Medical School, 
September 4, 5, and 6, 1957. It contains 16 papers un- 
der general headings as follows: 1) Viral Character- 
istics Leading to Masking and Latency, 2) Factors of 
Host Cell and Environment Contributing to Masking 
and Latency, 3) The Role of Inhibitors in Masking and 
Latency, and 4) Consideration of Concepts and Termi- 
nology of Viral Infection. Reported also are the con- 
densed discussions which followed presentation of pa- 
pers on these subjects. Of particular interest to plant 
pathologists are the papers on “Possible Host-Virus 
and Cell-Virus Relationships,” by C. H 
“Interrelation between Bacteria and Bacteriophage,” 
by André Lwoff; “Bearing of Virus Mass on ‘Mask- 
ing’ and Latency,” by J. W. Beard; “Gradations and 


Andrewes: 


Transitions between Pathogenicity and Commonsalism 
in Infection with Plant Viruses,” by F. C. Bawden. 
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JOHN WILLIAM ROBERTS. 1882-1957 


John ¢ 

Joun W. Roperts. a charte | life member of the 
Society, and his wife were killed in an automobile ac- 
cident in Florida on November 15, 1957. With these 
fateful words, we write finis to the life and career of a 
scientist who had a protound luence on the deve lop- 
ment of fruit pathology the United States from 
1911 to 1945. 

Born in Alma, Nebraska, a i graduate of the Uni- 
versity of Nebraska, John W. Roberts joined the staff 
of the Department of Agriculture in 1911. He was soon 
involved in studies on the ipl le bitter rot fungus and 
the frog-eve leaf spot of ipples both moot problems 
at the time. He described the manner in which the 
bitter rot fungus overwinters and in a series of simple 
but carefully planned experiments proved that the 
frog-eye symptom was caused by Alternaria mali, a 
secondary fungus that invaded areas previously killed 
by the black rot fungus. Later he initiated studies on 
the control of the bacterial pot disease of peaches, 
He was the first to show that proper nutrition of the 
trees was an important facet in the control problem 
The zine-lime spray was developed as a part of this 
bacterial spot control project He also studied the 
peach brown-rot fungus and its control over a period 
of many years, and initiated a project on the develop 
ment of new fungicides. This work was started before 


Dunegan 


the commercial companies entered this field and many 
of the pioneer field studies with the dithiocarbamates 
were carried out under his direction. Research on 
fungus and bacterial diseases of fruit trees was but a 
portion of his contribution to plant pathology. For 
many years he was a member of the Editorial Board 
of the Journal of Agricultural Research, a task for 
which he was preeminently qualified through his wide 
reading and unexcelled command of the English lan- 
guage. 

After 36 years of service to plant pathology. he re- 
n 1945 and moved with 


tired as principal pathologist 
his much beloved wife to Florida. Their frequent let- 
ters revealed how much they mutually enjoyed the 
well deserved rest and relaxation of retirement. A 
precise thinker, friendly and endowed with a_ kindly 
sense of humor. Jehn W. Roberts was ever willing to 
help his colleagues and younger workers with their 
problems. 

It is a sad commentary on the pace of modern living 
that the end should come to this devoted couple 
through a highway accident. Yet, to those who knew 
them intimately and knew how inseparable they were, 
it seems fitting that they should die together—it is as 


they would have wished. 
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Creech showed pictures he had taken while exploring 
for ornamental plants in Japan. 

Officers elected to serve during the next year were: 
President, L. O. Weaver; Vice-President, W. D. Mc- 
CLELLAN; Secretary-Treasurer, JouN G. MOSEMAN; 
and Councilor, JoHN W. HEUBERGER. 

Joun G. Moseman, Secretary-Treasurer 





The fifteenth annual meeting of the Potomac Divi- 
sion of the American Phytopathological Society was 
held February 27 and 28, 1958, in the auditorium of 
the Plant Industry Station. Beltsville, Maryland 
Twenty-five scientific papers were presented. About 
150 people attended this meeting Following the ban 
quet, on the evening of February 27, Dr. John L. 

Host parasite reiationsAips the pin nematode, Para- 
tylenchus projectus, on toba nd tall fescue. COURSEN, 
B. W., ano W. R. Jenxins. Effects of 1, 5, and 10 thousand 
specimens of Paratylenchus projectus used as inocula on 
Catterton variety of tobacco and Kentucky 31 variety of 
tall fescue were investigated. Dry weight of roots. height of 
above-ground portions, and size of nematode populations 
were determined at monthly intervals for 3 months. Inocula- 
tions of tobacco plants uused stunting of top growth, 
shortening of internodes, and a marked increase in size of 
root systems. Lateral roots, characteristically large on 


healthy plants, were not well developed on inoculated 
plants. Effects of P. projectus were similar on tall fescue. 
Tillering was 31% greater on plants inoculated with 10,000 
nematodes than on uninoculated controls. Smaller nema- 
tode populations increased at a greater rate than larger 
ones in association with tobacco or fescue. Ninety-seven 
plant species and varieties representing 10 families sup- 
ported populations of P. projectus for 60 days. Nematodes 
were not recovered from Chantenay variety of carrot, Cali- 
fornia Wonder variety of pepper, and Marketer and Palmet- 
to varieties of cucumber. 
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Fungicides and the amino acid spectrum of fungus my- 
celium. Crossan, D. F., I. F. Brown, Jr., ann M. R. 
SiecEL. Botryosphaeria ribis G. et D. and Colletotricum 
capsici. (Syd.) B. et B. were grown in liquid culture with 
and without sub-lethal amounts of captan (4 ppm) and 
copper (6 ppm) fungicides, respectively. Weighed portions 
ef dried mycelia were hydrolyzed with 6V H.SQ,, neu 
tralized, and the hydrolysates reduced in volume for spot 
ting on chromatographic paper. Hydrolysates were de- 
veloped in 1 dimension in a butanol-acetic acid-water mix 
ture (4:1:5) and in a second dimension in a mixture of 
meta-cresol and phenol (1:1). The paper was buffered with 
borate buffer (pH 9.3) for development in the second di- 
mension. In the absence of captan, B. ribis contained 
evstine, lysine, aspartic acid, glycine, threonine, glutamik 
acid, proline, y-amino butyric acid, tyrosine, methionine, 
valine. isoleucine, and leucine; in the presence of 4 ppm 
captan, threonine, glutamic acid, and y-amino butyric acid 
were missing. In the absence of copper sulfate, C. capsici 
contained cystine, lysine, asparagine, aspartic avid, glycine, 
serine, threonine, alanine, glutamic acid, proline, y-amino 
butyric acid, valine, methionine, and leucine; in the pres- 
ence of 6 ppm copper sulfate, y-amino butyric acid and 
methionine were missing and threonine and glutamic acid 
were reduced in quantity. 


Histology and cytology of susceptible and resistant so\ 
heans infected with Meloidogyne incognita acrita. CRITTEN- 
peN, H. W. Three varieties of root-knot-nematode-suscepti- 
ble sovbeans (Virginia, Adams, and Hakote) and 5 resistant 
varieties (Blackhawk, Mukden, Anderson, Laredo, and 
Jackson) were exposed to Meloidogyne incognita acrita 
Collections were made of roots at 4, 8, 16, and 32 days of 
age. Each of the 3 susceptible varieties exhibited the fol- 
lowing characteristics: 1) giant cells surrounding the head 
of the nematode; 2) large number of giant cells; 3) large 
size of giant cell area: 4) very dense cytoplasm within giant 
cells: 5) great number of enlarged nuclei in each giant 
cell; and 6) great enlargement of pericycle, with giant 
cells occurring frequently in this region. The 5 resistant 
varieties exhibited a gradation of abnormal tissues and 
cells that corresponded to their degree ot resistance based 


on field and greenhouse tests. Very resistant varieties 
(Laredo, Anderson) showed: 1) head of nematode not 
surrounded by giant cells; 2) small number of giant cells; 
3) small size of giant cell area; 4) cytoplasm of giant cells 
sparse and not dense; 5) small number of enlarged nuclei 
in each giant cell; and 6) enlargement of pericycle small 
or none, with no giant cells in this region. 


Weight loss of wood exposed to Merulius lacrymans Fr. 
under four environmental conditions. Ditter, J. D., AND 
E. J. Kocu. The influence of environment on the develop- 
ment of Verulius lacrymans Fr. was examined in a 1955 
study at Beltsville, Maryland. This was part of a factorial 
experiment that also included variations in soil and fer- 
tilizer factors, and in pH reaction. Individual test blocks 
of 13 wood species, segregated into categories of heart-, 
sap-, and heart-sap-wood, were placed in 8-o0z. cans, inocu- 
lated with the fungus, and grown in the following 4 en 
vironments: 1) in the crawl-space area of a 2-family, oc- 
cupied, basementless dwelling; 2) under a mound of 
leaves in a wooded area; 3) in an abandoned root cellar; 
and 4) in a 40°F temperature-controlled room. Small 
amounts of water were added to the samples when needed. 
After 24 months the weight loss of each block was deter- 
mined. Results show that environment plays a very impor- 
tant role in relation to weight loss caused by VW. /acrymans. 
The average weight loss for the 168 blocks of wood stored 
in the 40°F constant-temperature environment was only 
3.7% in comparison to a weight loss of 11.1% for the 468 
blocks stored in the crawl-space of a basementless house. 
Weight loss averaged 7.4% for the root cellar and 8.9% for 
those stored under mounds of leaves. 
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Host-parasite relationships of Avena sativa and a root- 
knot nematode, Meloidogyne incognita acrita, FERVER, 
\. F., anp H. W. Crirrenpen. Root-knot-nematode-resistant 
oat varieties (Arlington and Atlantic) and susceptible oat 
varieties (Lee and Forkedeer) were grown in the green- 
house in the presence and absence of Meloidogyne incognita 
acrita. Using one-dimensional paper partition chromatog- 
raphy, hydrolysates of non-infected roots of the 4 varieties 
were analyzed for amino acids and sugars. No qualitative 
differences in amino acids or sugars were noted between the 
+ varieties. Infected roots stained with osmic acid revealed 
an enlargement of the stele and cortex in all varieties. Few 
galls or mature females were found in the resistant varieties. 
No nematodes were found completely embedded in the 
stele; only the head extended into the vascular tissues, 
Microsections of infected roots of the susceptible and re- 
sistant varieties showed giant cells and tissue distortion 
surrounding the nematode head. Aggregation of nuclei in 
the dense cytoplasm of the giant cell was observed. Mi ro- 
sections of 40-day-old non-infected roots of the varieties 
indicate that the inner tangential endodermis cell wall is 
thicker in the resistant varieties than in the susceptible 
varieties, 


Inde ming sour cherry trees for necrotic Tring spot on ex- 
cised twigs. Fink, Harry C, Sour cherry trees can be in- 
dexed for necrotic ring spot virus by inoculating dormant 
twigs excised from them. A bud from a tree known to be 
infected with the virus is grafted between 2 axillary buds 
on the twig. The proximal end of the twig is immersed in 
a 3-ppm gibberellin solution. The twigs are held under 
conditions suitable for growth; tap water is added to the 
solution as required. Symptoms will appear on the newly 
unfolding leaves of twigs cut from ring-spot-free trees; con- 
versely, symptoms will not appear on leaves of twigs cut 
from infected trees. An alternate method is to insert a 
bud from trees to be indexed on twigs cut from ring-spot- 
free trees. Symptoms indicate the tree being indexed as 
“virus” infected. The number of bud sticks to be used for 
each tree to be indexed depends upon the size of the tree, 
since the virus may not be distributed equally throughout 
a newly infected tree. One stick from a nursery tree should 
be sufficient. This method of indexing may prove valuable 
in disease surveys, virus spread studies, and nursery certifi- 
cation programs where large numbers of trees have to be 
indexed annually. 

Differential response of alfalfa clones to variant forms of 
Corynebacterium insidiosum. F'ULKERSON, J. F. Seedling 
populations of alfalfa varieties are known to vary in sus- 
ceptibility to bacterial wilt. Uniformly susceptible plants of 
vigorous growth habit were needed to determine the rela- 
tive virulence of different isolates of the wilt organism 
Corynebacterium insidiosum. For this purpose 150 seedling 
plants of DuPuits, a wilt-susceptible alfalfa variety, were 
each vegetatively propagated. These clones were then 
tested for susceptibility to a wild-type isolate of the causal 
organism, using root-inoculation techniques. After 2 such 
tests, 4 clones (9, 75, 83. and 146) were selected, each 
having a known degree of susceptibility to the wild-type 
isolate. In tests using these clones, severe crown symptoms 
developed within 44 days of inoculation of the plants with 
the wild-type isolate. In comparative tests with a culture 
variant of the wild-type isolate, clone 83 was significantly 
more susceptible to the variant form than to the wild-type 
isolate. Clones 9, 75, and 146 were equally susceptible to 
both isolates. The variant form was indistinguishable in 
culture from some isolates obtained from naturally infected 
field-grown alfalfa plants, 


Fungicides and the control of Botryosphaeria ribis fruit 
rot of apple. Heusercer, J. W. In 1957 a block of the 
Rome variety was used for a large-scale field test. The 
spray schedule was divided into 2 parts: A—pre-pink 
through first cover; B—fourth cover to harvest. All plots 
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except Cyprex and ¢ din! | ptar | at the 
second and third cover es were: 1) Cyprex 
lb.), all season; 2) glyodi: ul ercury (1% pt. 
1% pt.) in A, and Thione n B:; 3) Phybam-S 
(4 lb.): 4) Magnet ) f I Ma t 70 
sulfur + captan (3 Il ind 6) captan (2 Ib.) i 
A. each followed |} tar neb n Bb 
Applications were i prayer. Botryosphaeria 
ribis became epiphytot ( ! t YOO truit on eae ot 4 
trees per plot ind on a | Iruit were i i 
weekly intervals, | innin \ t 1 and ending October 
ll. Best control wa ' ntan. Magnet ’ 
+ captan, and Phybam-S \ iptan + zinel 
in B (0.5% infect } i ) pared 
to 17% and 70%, 1 ect ved At harvest, 
fruit from each plot boxed, and placed 
in cold storage (32°1 i tl | 
room temperature i + Percentage rot 
the unsprayed wa fo 
best s¢ hedules 
Time of apple fr G ( ( a ar 
Vicrothyriella rubi. Wier K. D.. F. H. Lewis, anno C. ! 
TAYLOR The time i apt I rector { t 
bloteh (Gloeode pol ger ‘ ( \ ind |! =1e 
(Microthyriella rubi Petr fut is studied 
totic conditions. Rome Bea ere bagged |} West 
Virginia on June 12, 1950 vere ti 
tervals up to harvest. Soot nfections took place 
from June 22 until har r inoculation or inf 
tion may have occurre I 12. Fly speck inf 
tions took place tror Jur ; ! t August i ¢ nd 
test was conducted, it fruit is bagged o irl 
ous dates and kept ¢ re harve The re 
comparable to those from | test. In Penn ia, in 
1956, 1400 Grimes G “tf nal W ins ipples 
were bagged on June 2 00 apples re exposed 
for each succeeding | ! ! il, and the bagged 
again. Very heavy infectior 1 durit inv favorable 
weather period from late June t igh mid-September. In 
fection may have occurred | June 21. These data show 
that sooty blotch and fly speck fections may oceur within 
about 1 month after petal-fa I mntinue at a high rate 
into September. Late infect innoticed because 
of inadequate time for n expr 
Vatural transmiss f t fat feather [tle 
virus. Hitpesranp, E. Me OB f Porto Ric iriety of 
sweet potato as ind 4 S is found 
to spread naturally durit } 957 at Beltsville. Md 
Apparently, conditions did not favor the vector in 1955 and 
1956, because the percentage natural transmission were 
but 8 and 6, respectively i with 23.5 in 1957. A 
climatic aberration late in t) ason. however 
count for the increas n 195 severe droutl m te ite 
August resulted in poor rowtl \ heavy ra f wed 
by unusually warm weather, in September produced vigor 
ous growth, and some f tl it plants exhibited 
feathery mottle svympt n the terminals, something 
hitherto unobserved. In the test ] nting, consistit f 7 100 
foot rows. the featherv n I lun vas furnished by 
single rows of Porto Ri , » Russian sweet potato 
(P.T. 105945), both of whicl ere infected also with in 
ternal cork virus. The green! flush of growth” re 
vealed a mean average of 28 per cent natural transmission 
for the 5 rows. with values of 21 and 26 for Porto Rico, and 
93. 32. and 36 for seedlit ne XXII (open-pollinated 
Porto Rico). Of high suscept ty to feathery mottle and 
high resistance to internal cork XXI is proving an 
invaluable aid in separat t lromes 
Vorning glories as it ring r sweet tat ruses. 
Hitpepranp, E. M. From 19 to 1957, morning glory 
varieties were tested for susceptibility to sweet potato 
viruses. Many produced symptoms of internal cork virus; 
very few produced sympton of feathery mottle virus Be 


ing transmissible only by grafting, the latter presents much 
dificulty, for morning glory is poorly adapted for this pur- 
pose and the natural vector is unknown. The internal cork 
virus is readily transmissible by aphids, grafting, and 
mechanical means. The first test demonstrated 5 morning 
glory varieties (including Scarlett O'Hara) to be good in. 
dexing hosts for the internal cork virus (or viruses). The 
second and third tests included the world-wide collection of 
Ipomoea spp. of the New Crops Branch, Agricultural Re- 
search Service. From mid-September to mid-March the 
photoperiod had to be lengthened for suitable vegetative 
growth. With the rapid-transmission techniques (stimulat- 
ing a new spurt of growth by pruning) the incubation 
periods for internal cork were usually 5-15 days. Symp. 


toms included vein-banding, vein-clearing, chlorosis, chlo- 
] j 


rotic spot, dwarfing, stunting, dieback, and death. /pomoea 


spp. were cenerally susceptible, whereas @uamocilit spp. 
ind Convo vulus spp. were not, In cene ral. morning clories 
were unsuitable for indexing feathery mottle. 

Effective life of fungicides as a factor in the control of 


sooty blotch and fly speck on apple. Lewis, F. H.. anp K. 
D. Hickey. Control of sooty blotch, caused by Gloeodes 
pomigena (Schw.) Colby, and of fly speck, caused by 
Vicrothyriella rubi Petr., was obtained under epiphytotic 


conditions with ferbam, zineb, glyodin, and lead arsenate 


| 
sprays ending in August, on apples harvested in October, 
Captan and thiram failed under these conditions. In fungi- 
cide-agar tests, greatest growth suppression was provided 


by ferbam, followed by captan and zineb Glvodin and 


lead arsenate had little effect. In spore germination trials, 
glyodin, captan, zineb, and ferbam were more effective 


than lead arsenate. In an effort to explain the performance 


of captan and zineb, orchard sprays were discontinued at 


half-month intervals from petal-fall (May 14) to September 


3. Captan controlled sooty blotch and fly speck until the 
last spray treatment, after which visible sooty blotch lesions 


appeared in 35-40 days. Zineb gave control for 60 days 
Residue data did not offer an adequate explanation tor 


the rapid failure of captan. The effective life of the spray 
residue seems to be the major factor involved in these re- 
sults. The performance of lead arsenate, and perhaps 
thiram, can be explained on the same basis. 


Effect of holding temperatures on brown and Rhizopus 
rots of hydrocooled peaches. McCuvre, T. T.. ano W. L. 
SmitH, Jr. Peaches inoculated with RAizopus stolonifer 
(the Rhizopus rot fungus) or Monilinia fructicola (the 
brown rot fungus) were hydrocooled in water or in a 0.1 
per cent Dowicide A solution, held 3 days at 40°, 45°, 50 
95° or 60°F, and then placed at 75° for 3 more days. 
Dowicide A significantly reduced the amounts of both rots. 
The effec tiveness of Dowik ide \ when the holding tempera- 
ture was 60° was about half that when the holding tem 
perature was 40°. The amounts of brown and Rhizopus 
rots that developed in all lots of peaches varied with the 
holding temperature and increased significantly in lots 
treated with Dowi ide A when holding temperatures were 
greater than 50°. Holding temperatures above 40°. signifi- 
cantly increased brown rot, and those above 45° significantly 
increased Rhizopus rot in lots hvdrocooled in water. 


Reactions of Fragaria vesca seedlings to a single straw- 
berry virus isolate. McGrew, J. R. All stocks of the East 
Malling clone (EMC) of Fragaria vesca used as straw- 
berry virus indicators apparently carry latent A virus. 
Since there is no evidence of seed transmission of straw- 
berry viruses, 35 seedlings of EMC were grown. These 
were individually stolon-grafted to a virus isolate from 
the Suwanee variety of the type previously described as 
latent C. This isolate produces in the EMC type-2 symptoms 
of Demaree and Marcus. Nineteen seedlings developed dis- 
tinct leaf and petiole epinasty, followed by dwarfing char- 
acterized as: very severe (in 4); severe, equal to this 
isolate in EMC (in 6); intermediate (in 8); and mild (in 
1), even though latent A was absent. The 16 symptomless 
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seedlings were then grafted to EM(¢ 
whether they had been inoculated with ¢ 
ment of type-2 symptoms in the EMC plants of every graft 
indicated successful inoculation. Although latent A from 
the EMC plants could have moved reciprocally across the 
graft unions into these symptomless seedlings, none showed 
a reaction to C virus plus latent A. Expression of C virus 
apparently depends on the susceptibility of the 

rather than on the presence of a 


plants to determine 


virus, Develop 


particular 
F. vesca seedling clone 
conditioning virus such as latent A. 


Separation of genes conditioning resistance to Erysiphe 


graminis f. sp. hordei by two pathogenically different cul- 
tures. MosemMan, J. G., ano C. W. Scuartrer. The barley 
varieties Algerian (C. I. 1179), Ricardo (C. I. 6306), and 
Manchuria (C. I. 2330) were intercrossed and the progeny 
tested with the monoconidial cultures CR3 (California race 


) and O61 of Erysiphe graminis DC. 1 sp hordei Em. 


Marchal. Algerian was resistant to both cultures, Ricardo 
resistant only to ¢ ilture ( R >. and Manchuria susceptible to 
both cultures Pests of the progeny with culture CR3 indi 


cated that each of the resistant varieties possessed a single 


gene for resistance to culture CR3, and that. the gene in 


Ricardo was either identical to, allelic, or less than 1 cross 
over unit from the Ml, gene identified in tl 

indicated that 
Algerian to culture 061 was also condi 
tioned by a single gene. Identical reactions of Fs progenies 
from the cross Algerian Manchuria to both cultures dem 


the same gene, Ml,. conditioned resistance 


previously 
variety Algerian. Results with culture 06] 


the resistance in 


onstrated that 
to both races. Since Ricardo was susceptible to culture 
061, the gene in Ricardo is not the Ml, gene, but either an 
allele or a second gene less than 1 crossover unit away. 
justifies considering the genes as alleles. 


Such a low value 


he gene in Rit ardo has been designated MI 
rt I 


{ new Strain oft tobacco streak rirus PATINO, \&. \ new 


virus produ ing primary and systemic necrotic symptoms on 


beans was isolated from peas collected in southern Idaho. 
Of 30 bean varieties tested, all were susceptible. Among 
1h plant species tested, 29 species trom the families 


Amaranthaceae, Portulacaeae, 
were susceptible to the virus. The virus 
was inactivated between 62° and 64°C, after storage for 
27 hours in vitro at room temperature, withstood 
dilution of 2000, but not of 4000%. It was still infectious 


ifter 65 days of storage in dry plant tissue at room tem 


Leguminosae, Solanaceae, 


and ( ompos tae 


and it 


perature. No evidence of seed transmission was found 
Similarity of symptoms produced on beans and other hosts, 
physical properties, and cross-protection tests suggest that 
this virus is related to the viruses of red node and tobacco 
streak. The new virus can be distinguished from them in 
that it does not produce necrotic symptoms on tobacco and 
is not infectious to crimson clover, Crotalaria sp., cucumber, 
guar, red clover, and white sweetclover, all of which are 
infected by the tobacco streak and red node viruses. It also 
has a higher thermal inactivation point and withstands a 
higher dilution than these 2 viruses. 


Some effects of certain antibiotics and other 
hemicals on the growth of sclerotium rolfsii in the labora 
tory. Porter, FRANK M., AND Carroui E. Cox 
were used to evaluate the toxicity of 75 antibiotics and 
other organi rolfsii Sace. 1) 
Sclerotia were immersed in 500 ppm of the chemical for 24 
hours before plating on agar. The per cent inhibition due 
to the chemical was computed by comparing the diameter 
growth of chemical treatments to the diameter growth of 
controls, 2) Inoculum blocks were placed on agar contain- 
ing the chemical. After 1 week the growth or absence of 
growth was observed. All concentrations were computed as 
Among the compounds tested, Omadine 
sodium .V-methyldithiocarbamate (Vapam) 
completely inhibited the germination of sclerotia. At 1 and 
100 ppm, respectively, these compounds also prevented 
mycelial growth. The zinc salt of Omadine and alpha 


organic 
I wo means 


chemicals to Sclerotium 


active ingredients. 
disulfide and 
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alpha trithiobis(.V-dimethylthioformamide) did not appre- 
ciably inhibit the germination of sclerotia but completely 
prevented mycelial growth at 1 and 10 ppm, respectively. 
Dodecylguanadine (Cyprex) prevented the germination 
of sclerotia but did not appreciably retard the growth of 
mycelium at 2000 ppm. Pentachloronitrobenzene (PCNB) 
did not completely prevent the growth of mycelium although 
growth was markedly retarded. Thiolutin and Actidione 
completely prevented the growth of mycelium at 15 and 25 
ppm, respectively. 


Raniere, L. C., 
AND 1D. F. (C.ROSSAN This study was conducted to deter 
mine the 


Vicroclimate and tomato anthracnose. 


influence of microclimate in irrigated and non 
irrigated tomato plots on Colletotrichum phomoides (Sacc.) 
Chester. On 5 consecutive days following a given irrigation, 
a series of measurements was obtained on relative humidity, 
dew formation, and temperature within both irrigated and 
non-irrigated tomato plants through the use of a_ hand. 
aspirating psychrometer, 2 dew meters, and 2 hygrothermo- 
graphs. Data obtained indicate that temperature within the 
greatly aflected by 


readings revealed 


plant foliosphere was not irrigation. 
Relative considerable differ 
ences for as long as 5 days after an irrigation, the relative 
humidity irrigated 
exceeding that of non-irrigated plants by 


humidity 
within the foliosphere of plants fre- 
20%. 
Irrigation also influenced the intensity of 
lew formation, the dew period being extended for as 
many as 4-6 hours in irrigated plots over that in non- 
irrigated plots. A subsequent increase in the severity of 
tomato anthracnose was recorded in the irrigated tomato 
plots. Laboratory indicate that 

phomoides spores will germinate in the absence of free 
relative humidity, and that a 12-hour ex 
posure to relative humidity below 80% 


quently 
duration and 


studies Colletotrichum 
moisture at 92% 
resulted in a de 
crease in spore viability. 


The chemical basis of resistance of asparagus to the 
nematode Trichodorus christiei. Roupe. R. A. Ano W. R. 
JENKINS. Asparagus (Asparagus officinalis L. Hort. var. 
Mary Washington) would not support populations of 
Trichodorus christiei for more than 40-50 days. Decline of 
populations on young plants was at the same rate as starva 
tion in sterile soil, but after fleshy storage roots had formed, 
population decline was more rapid. Tomato, normally a 
good host, supported only very low nematode populations 
when asparagus was present in the same pot. 7. christiei 
did not feed on asparagus after it had passed the 
seedling stage. 
individuals of T. 
cies when diluted 1:10, while tomato root juice was not 
toxic. A toxic compound was isolated from this juice by 
extraction with butanol and ethanol, followed by ion ex- 
change and paper chromatography. The final product was 
a light-brown powder having an approximate molecular 
weight of 148. A proposed empirical formula is CoH 0. 
The product was carbohydrate-like and was obtained from 
root leachates as well as the roots themselves. The toxic 
compound caused non-reversible paralysis of nematodes in 
water solutions of 100 ppm or less. Populations of T. 
christiei around tomato roots were reduced by either spray- 
ing the leaves or drenching the root zone with 1000-ppm 
solutions of this compound. 


young 
Juice from asparagus roots was toxic to 
christie’ and several other nematode spe- 


studies on the host range of 
Scuneiper, C. L. Seedlings of 94 plant spe- 
cies representing 31 families were exposed to zoospores of 
{phanomyces coc hlioides in Petri dishes and In pots of 
soil. The following species became infected: Tetragonia 
expansa (Aizoaceae); Amaranthus blitoides, A. retroflexus, 
Celosia argentea, Gomphrena globosa 


Further 
cor h lioides. 


{phanomyces 


(Amaranthaceae) ; 
Dianthus chinensis, Lychnis alba, Saponaria officinalis, S. 
(Caryophyllaceae) ; Beta maritima, B. patellaris, 
B. trigyna, Chenopodium album, Kochia scoparia, Salsola 
Kali, Spinacia oleracea (Chenopodiaceae) ; Papaver Rhoeas 
(Papaveraceae), and Portulaca oleraceae (Portulacaceae). 


or ymoides 
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In addition, the 
these species grown in naturally nfested field soil Older 


plants, as well as seedlings of the following common eds 
and culivated plants, were susceptible to infection: Amaran 
thus blitoides, Chenopo r m, Salsola Kali, Saponaria 
officinalis, and Spir a l vhereas the following 
were susceptibl im the ed y stage on / Anis a 

and Portulaca oleracea. Single-spore isolates from Che 

podium album, Saponaria Spinacia oleracea, and 
Tetragonia expansa i ‘ j [ i! and typical symp 


toms ot black root 


Taxonomy ettols 


fungi attacking pepper SM R. W. Capsi ! m 
L. is parasitized by severa elanc iceous fungi. Colle 
trichum (Gloeosporium) piper y Ell. & Ev.) Ell. & 
Hals, or C. nigrum Ell. & Hals iuses what is commonly 
known as “anthracnose disease,” whereas ( apsict (Syd.) 
B. & B. incites “ripe rot disease.” ©. nigrum is considered 
synonymous with ¢ per During certain years 
anthracnose ha Luise ppr rhe osses in the market 
value of pepper truit ! Dela re Fruit symptoms of 
anthracnose and ripe-rot ar f ir, but are distinguishable 
by the presence of black seta ithin the acervuli of C. 
capsici Spore size and_ shay f her distinguish the 2 
fungi. After initia nvadi the flesh of the pepper 
fruit, hoth fungi i\ I I the seed cavity and intect 
the seed. Survival as stron elium on dry harvested 
seed is possible for at least 9 nti Disease refuse can 
also serve as a mear rit tor ¢ era 
Cross-inoculation experiment I tomato and pepper 
indicate that C. piperatum ar ( homoides (Sacc.) Ches 
ter are capable of attackir ith hosts. In separate field 
plots, under severe disease condition zineb and maneb 
fungicides were found 1 factor contro { ( 
piperatum and ¢ 

Rhizopus deca of é [ ! affected DY (-harves 
temperatures and moisture tior SmitH, W. I Ji 
anp T. T. McCure. Some peaches were wounded, ino 
lated immediately with Rhi tolonifer. and held 1-5 
days at 32° or 40°F; other v led peaches were held 1-5 
days at 32 or 40 or | day at 7o before inoculation. 
Samples were kept it these te peratures In open containers 
or in perforated polyethylene vith or without wet cot 
ton over the wounds then subsequently held 
uncovered at 75°, along wit heck fruit inoculated immedi 
ately after wounding, and held continuously at 75°. Peaches 
inoculated immediately and held at 32° or 40° before place 
ment at 75° deeaved less than those held continuously at 
75°. Those held 3 or 5 days at the low temperatures ce 
cayed less than those held ] i Wounded peaches held 
uncovered 1-5 davys fore it ition decaved less than 
similar ones in polyethylene, and less than those inoculated 
immediately after wounding at d at low temperatures 
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before placement at 75°. Temperature between wounding 
and inoculation had little effect on decay. Peaches with 
cotton-covered wounds decayed almost as much as check 
fruit. Low temperatures presumably lessen decay by dry. 
ing wounds rather than by affecting the virulence of 
Rhizopus. 

{ preliminary report on distribution of root-knot nema. 
tode species in the United States. Taytor, A. L., AND Epna 
M. BuHRER. Since the separation of the species of the root- 
knot nematodes and their assignment to the genus Meloi- 
dogyne by Chitwood in 1949, information on the distribution 
of the species accumulated in the files of the Nematology 
Section of the U. S. Department of Agriculture indicates 
that: 1) The most common root-knot nematodes in the 
United States south of the latitude of Washington, D. C., 
are Meloidogyne incognita and its subspecies V. incognita 
acrita, 2) North of this latitude, WM. hapla has been found 
out-of-doors more often than any other root-knot nematode 
species. 3) M. arenaria and M. hapla are fairly common in 
fields in the states where peanuts are grown, notably in 
\labama, Georgia, and Virginia. 4) M. javanica has been 
collected from scattered locations in the southern and 
southwestern states. 5) M. arenaria thamesi has been 
found only in samples from Florida. 6) Other Meloidogyne 
species have not been found. 7) Interceptions by federal 
and state plant quarantine authorities indicate that root- 
knot nematodes have been repeatedly introduced into the 
United States from foreign countries with various kinds of 
planting materials, and that there has been considerable 
movement of root-knot nematodes from state to state. Thus, 
the finding of any Meloidogyne species in any part of this 
country can be easily explained. 


{ new virus-induced streak of pea. ZAI MEYER, W, 5. 
and G. Patino. A new streak virus was isolated from sev- 
eral varieties of pea (Pisum sativum) in southern Idaho, 
where streak was widespread in 1956 and 1957. It produced 
on peas symptoms similar to those of the 3 previously de- 
scribed pea streak viruses, from Virginia, Wisconsin, and 
New Zealand. In the field the most conspicuous symptoms 
are necrotic streaking of the stems and necrotic spotting of 
the pods. Seriously infected pods are shrivelled and de- 
veloped no seeds. Infected plants are slightly chlorotic, 
and the veins of the leaves and stipules are often cleared. 
Under greenhouse conditions a reddish-brown necrosis ap- 
pears on the stems and petioles. Necrosis is usually most 
conspicuous at the nodes. Small necrotic spots and slight 
veinal necrosis are often noted on certain varieties. Many 
varieties show vein clearing of leaves and stipules. Leaf 
mottle has not been observed. The 115 varieties inoculated 
with the virus were all susceptible. The new streak virus 
differs in host range and physical properties from the other 
} described streak viruses of pea. It is inactivated at 65- 
70°C, at 1:10,000 dilution but not at 1:5000, and after 
storage for 24-48 hours at 20 








